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OPERATIVE 

MECHANIC AND MACHINIST. 



SAW-MILLS. 

Saw-mills, constructed for the purpose of sawing either 
timber or stone, are moved by animals, by water, by wind, 
or by steam. They may be distinguished into two kinds ; 
those in which the motion of the saw is reciprocating, and 
those in which the saws have a rotatory motion. In either 
case the researches of theorists have not yet turned to any 
account : instead therefore of giving any uncertain theory 
here, we shall proceed to the descriptive part, and refer those 
who wish to see some curious investigations on this subject 
to a- Memoir on the Action of Saws, by Euler, en Mem. 
Acad. lloy. Berlin, 1756. 

Reciprocating saw-mills, for cutting timber, and moved 
by water, do not exhibit much variety in their construction. 
The saw-mill represented in fig. 450, is taken from Gray's 
Experienced Mill-wright ; but it only differs in a few trilSing 
particulars, from some which are described in Bdidofs Ar- 
chitecture Hydraulique, and in Gallon's Collection of Ma- 
chines approved by the French Academy. 

The plate just referred to shows the elevation of the mill. A A the sh^ft 
OP axle upon which is fixed the wheel B B, (of 17i or 18 feet diameter,) 
containing 40 buckets to receive the water which impels it round C C, a 
wheel upon the same shaft containing 96 teeth, to drive the pinion No. 2, 
having 22 teeth, which is fastened upon an iron axle or spindle, having a 
coupling-box on each end that turns Uie cranks, as D D, round ; one end of 
the pole Eis put on the crank, and its other end moves on a joint or iron 
bolt at F, in the lower end of the frame G G. The crank D D, being turn- 
ed round in the pole E, moves the frame G G up and down, and those hav- 
ing saws in them, by this motion cut the wood. The pinion No. 2, may work 
two, three, or more cranks, and thus move as many frames or saws. No. 3, 
an iron wheel having angular teeth, which one end of the iron K takes hold 
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of, while ita other end rolls on a bolt m the lever H H. One end of this le- 
aver moves on a bolt at I, the other end may lay in a notch in the frame G G, 
so as to bepulled up anddownby it. Thus the eatoh K puUs the wheel round, 
while the catch I^ls into the teeth and prevents it from going backwards. 

Upon the axle of No. 3, i^also fixed the pinion No. 4, taking into the 
teeth in the under edg^ of the iron bar, that is fastened upon the frame 
T T, on which the wood to be cut is laid: by this means the frame T T is 
moved on its rollers S S, along the fixed frame U U; and of course the wood 
fastened upon it is brought forward to the saws as they are moved up and 
down by rea^n of the turning of the crank D D. V V the machine and 
handle to raise the sluice, when the water is to be let up(in the wheel B B, 
to g^ve it motiod. " By pulling the rope at the hmger anh of the lever 1^, 
the pinion No. U, is put injo the hold or gripe of the wheel C C, which 
drives it; and by pulling thp rope ^ this pinion is cleared from the whecL 
No. 5, a pinion contsdning 24 teetli, driven by the wheetc C, and having 
upon its axle ^ sheave, on which^s the rope P p, passing to the sheave No. 6, 
to turn it round; and upon its axle is fixed the pinion Ncj. 7/ acting on the 
teeth in an iron bar upon the frame T T, to roll that frame backwards when 
empty. By gulling tiie rope at the longer arm of the leVer K, the pinion 
No. 5, is put into the hold of the wheel C Ct and by pulling the rope o, it 
is taken Wthe hold. No. 8, a wheel fixed upon the axle No. 9, baring 
upon its periphery angular teeth, into which' Ae catch No.* 10 takes, and 
being moved by the lever attaphed to the upper part faf"the frame G, it 
pu^es the wheel No. S round; and the catch. No. 11, falls into the teeth 
of the Wheel, to prevent it from going backward, while the rope roHs in 
Its axle, and draffs the logs or pieces of wood in at the door Y, to be laid 
upoiii'the movable firames T Ts and carried forward to the saws to be cut. < 
The catches Nos. 10 and 11 are easily thrown out of play when they are 
not wanted. The.gudgeons in the shafti^ rounds of the cranks, spindles, 
and pivots, should .-adl turn round in cods or bushes of brass. Z, a door in 
one end of the mill-house, at which the wood is conveyed out when cut W 
W, walls of the mill-house. Q Q, the cohples or framing of the roof. X 
XX, 8ce. windows to admit light t6 the house. 

Saw-mills for cutting blocks of stone are generally, though not always, 
moved horizontally; the horizontal alternate motion may be communicated 
to one or more saws, by means of a 'rotatory motion, dther by the use of 
cnuiks, &c. or in^somesueh way as the following. Let the horizontal wheel 
A B D C, fig. 451, drive the pinion O N, this latt^ canying a vertical pin 
P, at the distance of about oi\e-third of the diameter from the centre. 
This piipon and pin are represented separately in No. 2 of fig. 451. Let 
the (came W S T V, carrying four saws, marked 1, 2, 3, 4, have wheels, 
V, T, W, W, each running in a groove or re^, whose direction is paraU 
lei to the proposed direction of the saws: and let a transverse groove P B^ 
whose leng^ is double the distance of the pin P from tbe centre of the^ 
pinion, be cut in the saw-fi*ame to receive that pin. Then, as the g^eat 
wheel revolves, it drives the pinion, and carries round the pin P; and this 
pin being compelled to slide in the straight groove P R, while by the rota- 
tion of l£e pinion on which it b fibbed, its distance from the great wheel is 
constantly varying, it causes the whole saw-frame to approach and recede 
from the great wheel alternately, while the grooves in which th^ wheels 
run confine the frame, so as to move in the direction T /, V r. Other 
blocks may be sawn at the same time by the motion of the great wheel, if 
other pinions and frames running off in the directions of the rcspeclSve 
radii, £ B, B A, £ 0, be worked by the teeth at the quadra»tal points B 
A and C. And the contrary efforts of these four frames^and pinions, will 
tend to soften down the jolts, and equalize the whole motion. 
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The same contrivance, of a pin fixed at a suitable distance ttom the 
centre of a wheel, and sliding in a jg^roove, may serve to convert a redpro- 
cating into a potatory motion; but it will not be preferable to the common 
conversion by means of a crank. 

When saws are used to cut blocks of stone into pieces having cytindrical 
surfaces, a small addition is made to the apparatus. See figs. 452 and 453. 
The saw, instead of being allowed to fall in a vertical groove, as it cuts the 
block, is attached to a lever or beam F 6, sufficiently strong; this lever has 
severad holes pierced through it, and so has the vertical piece £ D, which ia 
likewise movable towards eitiber side of the frame in grooves in the top and 
bottom pieces A L, D M. Thus the leng^ K G of the radius can be varied 
at pleasure, to suit the curvature N O; and as the saw is m«ved backwards 
and &rwards by proper machinery, in the direction C B, B C, it works lower 
and lower into the block, while, being confined by the beam F G, it cuts the 
cylindrical portion from the block F, as required. 

When a complete cylindrical pillar is to be cut out of one 
block of stones the first thing will be to ascertain in the block 
the position of the axis of the cylinder ; then lay the block so 
that such axis shall'be parallel to the horizon^ and let a cylin- 
drical hole of fi^m one to three inches diameter be bored en- 
tirely through it. Let an iron-bar, whose diameter is rather 
less than that of the tube, be put through it, having just room 
to slide freely to and fro as occasion may require. Each end 
of this bar should terminate in a screw, on which a nut and 
frame may be fastened ; the nut-frame should carry three flat 
pieces of wood or iron, each having a slit running along its 
middle nearly from one end to the other, and a screw and 
handle must be adapted to each slit : by these means the frame 
work at each end of the bars may readily be so adjusted as 
to form isosceles or equilateral triancles: the iron-bar will 
connect two corresponding angles of these triangles ; the saw 
to be used, two other corresponding angles ; and another box 
of iron or of wood, the two remaining angles ; to give suffi- 
cient strength to the whole frame. This construction, it is 
obvious, will enable the workman to place the saw at any pro 
posed distance from the hole drilled through the middle of 
the block ; and then, by giving the alternating motion to the 
saw-frame, the cylinder may at length be cut from the block 
as required. This method was first described in the Collec- 
tion of Machines approved by the Paris Academy. 

If it were proposed to saw a conic frustrum from such a 
block, then let two frames of wood or iron be fixed to those 
parallel ends of the block which are intended to coincide with 
the bases of the frustrum, circular grooves being previously 
cut in these frames to correspond with the circumferences of 
the two ends of the proposed frustrum ; the saw being work- 
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ed in these grooves, will manifestly cut the conic suiface from 
the block. This, we believe, is the contrivance of Sir George 
^Wright. 

The best method of drilling the hole through the middle of 
the proposed cylinder seems to be this : on a carriage running 
upon four low wheels let two vertical pieces, (each having a 
hole just large enough to admit the borer to play freely,) be 
fixed, two or three feet asunder, and so contrived that the 
pieces and holes to receive the borer may, by screws, (fee. be 
raised or lowered at pleasure, while the borer is prevented from 
sliding backwards and forwards by pieces upon its bar, which 
are larger than the holes in the vertical pieces, and which, as 
the borer revolves, press against these pieces : let a part of the 
boring bar between the two vertical pieces be square, and a 
grooved wheel with a square hole of a suitable size be placed 
upon this part of the bar ; then the rotatory motion may be 
given to this bar by an endless-band, which shall pass over this 
grooved wheel and a wheel of much larger diameter in the same 
plane, the latter wheel being turned by a winch-handle in the 
usual way. As the boring proceeds, the carriage with the 
borer may be brought nearer and nearer the block, by levers 
and weights. 

Circular saws, acting not by a reciprocating, but by a rota- 
tory motion, have been long known in Holland, where they are 
used for cutting wood used for veneering. They were intro- 
duced into this country, we believe, by General Bentham, and 
are now used in the dock-yard at Portsmouth, and in a few other 
places; but they are not asyet so generally adopted as might be 
wished, considering how well they are calculated to abridge 
labour, and to accomplish, with expedition and accuracy, what 
isvery tedious and irksome to perform in the usual way. Circu- 
lar saws may be made to turn either in horizontal, vertical, or 
inclined planes ; and the timber to be cut may be laid upon the 
plane in any direction ; so that it may be sawed by lines mak- 
ing any angles whatever, or at any proposed distance from each 
other. W hen the saw is fixed at a certain angle and at a certain 
distance from the edge of the frame, all the pieces will be cut 
of the s^me size, without marking upon them by a chalked 
line, merely by causing them to be moved along, and keeping 
one side in contact with the side of the frame ; for then as they 
are brought one by one to touch the saw revolving on [U iaxle, 
and are pressed upon it, they are soon cut through. 

Mr Smart, of the Ordnance Wharf, Westminster Bridge, 
has several circular saws, all worked by a horse, in a moderate 
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sized walk ; one of these, intended for cutting and boring 
tenons, used in this gentleman's hollow masts, is represented 
in fig. 454. 

N O P Q R is a hollow frame, under which is a part of the wheel-work of 
the horse-mill. A B C D E F are puUies, over which pass strops or bands, 
the parts of which out of sight run. upon the rim of a large vertical wheel; 
by means of this simple apparatus the saws S S aoe made to revolve upon 
their axles, with an equal velocity, the same band passing round the pul- 
lies D G, upon those axles; and the rotatory motion is given to the borer G 
by the band passing over the pulley A. The board lis inclined to the 
horizon in an angle of about 30 degrees; the plane of the saw S is parallel 
to that of the board I, and about a quarter of an inch distant from it, while 
the plane of the saw S i is vertical,' and itA lowest point at the same distance 
from the board I. Each piece of wood K, out of wluch the tenon is to be 
cut, is about four inches long, and an inch and a quarter broad, and f of 
an inch, thick. One end of such piece b Isdd so as to slide along the ledge 
at the lower part of the bosutl I, and as it is pushed on by means of the 
handle H, it is first cut by the saw S, and immediately a^er by the saw Si;. 
after this the other end is put lowest, and the piece is ag^n cut br both 
saws: then the tenon is applied to the borer G, and as soon as a hole is 
pierced through it, it is dropped into the box beneath. 

By the above process, at least 30 tenons may be completed 
in a minute, with greater accuracy than a man could make 
one in a quarter of an hour with the common hand saw and 
gimlet. Similar contrivances may, by slight alterations, be 
fitted for many other purposes, particularly all such as may 
require the speedy sawing of a great number of pieces into 
exactly the same size and shape. A very great advantage at- 
tending this sort of machinery is, that when once the position 
of the saws and frame is adjusted, a common labourer may 
perform the business just as well as the best workman. 



BARK-MILL. 

The bark-mill is constructed for the purpose of grinding 
and preparing bark till it is fit for the tanner. 

Bark-nrills, like most other mills, are worked either by 
means of horses, by water, or by wind. 

One of the best mills we have seen described for these 
purposes is that invented by Mr Bagnall, of Worsley, iii 
Lancashire. This machine will serve not only to chop bark, 
to grind, to riddle, and pound it ; but to beam or work green 
hides and ^kins out of the mastering or drench, and make 
them ready for the ouse or bark-liquor ; to beam sheep- 
skins, and other skins, for the skinner's use ; and to scour 
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and take off the bloom from tanned leather, when in the cur- 
rying state. 

Fig. 455 b a horizontal plan of the mill) £g. 456 a longitudinal section of 
it; fig. 457 a transyerse section of it* 

A, the water-wheel* by which the whole machinery is worked. 

B, the shafts. 

C> the pit-wheel* which b fixed on the water-wheel shaft B, and turns 
the upright abaft £» by the wheel F| and vfOfk$ the cutter^ and hammer 
by tapets. 

D, the spur and bevel-wheels at the top of upright shafts. 

£, the upright abaft. • 

F, the crownwheel* which works in the pit-wheel C. 

6* the spur-nut to turn the stoats L 

P, the beam* with kmves or cutters fixed at the end to chop or cut the 
bark, which bark is to be put upon the cutters or grating t» on which the 
bearaist<y&lL 

Q* the tiyal that recdves the bark from the cutters it and conveys it into 
the hoppjer H, by which it descends through the shoe J to the stones I* 
where it is ground. 

K* the i^out, which receires the bark firom the stones* and conveys it 
into the tryal L; which tryal is wired* to shift or dross the bark as it de- 
scends firom the stones I. 

M* the trough* to receive the bark that passes through the tryal L. 

R* the hammer, to crush or bruise the bark that fafis into the dish S* 
which said dish is on the incline ^ so that the hammet keeps forcing it out of 
the lower side of the siud dish, when bruised. 

k, a trough, to receive the dust and moss that passes througfa||thetnral Q. 

T, the bevel-wheel that works in Uie wheel D, which works the beam- 
knife by a crank V, at the end of the shaft u. 

W, the penetrating rod, which leads ^m the crank V t6 the start «. 

X, the start, which has several holes in it to lengthen or shorten the 
stroke of the beam-knife. 

y, the shaft, to which the slide-rods A A are fixed by the starts n n. 

\ the slide-rod* on which the knife / is fixed, which knife is to work 
the hides, &c. On the knife are two springs « a, to let it have a little play 
as it makes its strokes backwards and forwards, so that it may not scratch 
or damage the hides, &c. *» 

z, b a catch in the slide-rod A* which catches on the arch-head Cf and the 
said arch-head conveys the knife back without touclung the hide* and then 
falb back to receive the catch again. 

If the roller to take up the slide-rod A* while the hides are shifting on 
the beam 5, by pulling at the handle m* 

bf the beam to work the hides, &c. on. Each beam has four wheels* p 
Pi working in a trough-road, g g, and removed by the levels cc* When Hie 
kjiife has worked the hides* &c. snffieientiy in one part^ the bifun b then 
shifted by the lever c^ as far as is wanted. 

dt a press* at the upper end of the beam* to hold the hide fast on the 
beam while working. 

e, an arch-head* on which the riide-rod h catchesi 

fi the knife fixed on the slideHfod A, to work the hidtes, &c. 

it cutters or grating to receive the bark for chopping. 

The beam P, with knives or cutters, may either be worked by tapets* as 
. described* or by the bevel-wheel T with a crank* as V, to cut the same as 
shears. 

The kiufe/i» fixed at the bottom of thesUrt* which bfixed on the slide 
rod A; the boUom of the start b split open to admit the knife, the width of 
one foot{ the knife should have a gudgeon at each end* to fix in the open 
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part of the start; and the two springs a a prerent the knife frwn giving too 
much wa^r when working. The knife should be one foot long» and four or 
five inches broad. 

The arch-head e will shift nearer to or further from the beam A, and will 
be fixed so as to carry the knife back as far as is wanted, or it may be taken 
away till wanted. 

The roller / is taken up by pulling at the handle m, which takes up the 
slide-rod so high as to give head-room under the beam-knife; the handle 
may be hung upon a hook for that purpose. The slide-rod will keep run- 
ning upon the roller all the time the hide is shifting; and when the hide is 
fixed, the knife is put on the beam again by letting it down by the handle 
m. There may be two or more knives at work on one beam at the same 
time, by having different slide-rods; there should be two beams, so that the 
workman could be shifting one hide, &c. while the other was working. 
The beam must be flat, and a little on the incline; as to the breadth, it does 
not matter; the broader it is, the less shifting of the hides wiU be wanted, 
as the lever c will shift them as far as the width of the hide, if reqiured. 
Mr Baffnall has formed a kind of press d^ to let down, by a lever, to hold 
the hide fast on each side of the knife, if required, so that it wiU suffer the 
knife to make its back stroke without pulling the hide up as it comes back. 
The slide-rod may be weighted, to cause the knife to lay stress on the hide, 
&c. according to the kind and condition of the goods to be worked. 

Hides and skins for the skinner's use are worked in the 
same way as for the tanner's. 

Scouring of tanned leather for the currier's use can be 
done on the beam, the same as working green hides ; it is 
only taking the knife away, and fixing a stone in the same 
manner as the knife by the said joint, and to have a brush 
fixed to go either before or after the stone. The leather will 
be much sooner an^ better secured this way than by hand. 

The whole machinery may be worked by water, wind, 
steam, or any other power ; and that part of the machinery 
which relates to the beaming part of the hides, may be filed 
to any horse bark-mill, or may be worked by a horse or other 
power separately. 



OIL-MILLS. 
As these kingdoms do not produce the olive, it would be 
needless to describe the mills which are employed in the 
southern parts of Europe ; we shall therefore content our- 
selves with a description of a Dutch oil-mill, employed for 
grinding and pressing linseed, rapeseed, and other oleagi- 
nous grains ; and, to accommodate our description still more 
to our local circumstances, shall employ water as the first 
mover ; thus avoiding the enormous expense and complica- 
tion of a windmill. 

Description of fig. 458. 
1 is the elevation of a wheel, over or under-shot, as the situation may 
require. 

Vol. II.— B 
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2, the belknetal socket, supported by masonry, for receiving thte outer 
gudgeon of the water-wheel. 

3| the watercourse. 

Fig. 459. 

1, a apiif-whcel upon the same axis, having 52 teeth. 
2j the trundle thut is driven by No. 1, and has 78 staves. 

3, the waUower, or axis for raising the pestles. It is furnished round its 
circuTTiference with wipers for lifting the pestles, so that each may fall twice 
during one ttirn of the water wheel; that is, three wipers for each pestle. 

4t a frajne of timber carrj^ing a concave half cylinder of bell-metal, in which 
the wallow^er, (cased in tli^it part with iron plates,) rests and turns round. 

5, masoni^ aup porting tlie inner gudgeon of me water-wheel and the 
above-mentioned frame, 

6, gudgeon of the wailower, which bears ag^nst the bell-metal step fixed 
in the wall. This double support of the wallower is found to be necessary 
in all mills which drive a number of heavy stampers. 

Fig. 460 is the elevation of the pestle and press-frame, their jfumiture, 
the mortars, knd the press-pestles. 

1, the six pestles. 

2, cross-pieces between the two rails of the frame, forming, with these 
rails, guides for the perpendicular motion of the pestles. 

3, the two rails; the back one is not seen. They are checked and bolted 
into the standards. No. 12. 

4, the tails of the lifts, corresponding with tlie wipers upon the wallower. 

5, another rail in front, for carrying the detents which hold up the pes- 
tles when not acting. It is marked 14, in fig. 464. 

6, a beam a little way behind the pestles; to this are fixed the pulleys for 
the ropes, which lift and stop the pestles. It is represented by 16, in fig. 464. 

7, the said pulleys with their ropes. 

8, the driver which strikes the wedge that presses the oil. 

9, the disciiarger, a stamper which strikes upon^e inverted wedge, and 
loosens the press. 

10, the lower rail with its cross-pieces, forming the lower g^des of the 
t>efltles. 

11, a small cog-wheel upon the wallower for turning the spatula, which 
stirs about the oil-seed in the chauffer-pan. It has 28 teeth, and is marked 
No. 6, in fig. 464. 

12, the four standards, mortised below into the block, and above into the 
joists and beams of the building. 

13, the six mortars hollowed out of the block itself, and in shape pretty 
much like a kitchen-pot 

14, the feet of the pestles rounded into cylinders, and shod with a great 
lump of iron. 

15, a board behind the pestles, standing on its edge, but inclining a little 
backwards. There is such another in fron!^ but not represented here. 
These form a sort of t^ugh, which prevents the seed from being scattered 
about by the fall of the pestle^, and lost. 

16, the first press-box, (also hollowed out of the block,) in which the grain 
is squeezed, afler it has come for the first time from below the mill-stones. 

17, the second ]press-boi> tt the other end of the block, for squeezing 
the grw, after it has passed a second time under the pestles. 

18, frame of timber for supporting the other end of the wallower in the 
same manner as No. 4, fig. 459. 

19, small cog-wheel on the end of the wallower, for giving motion to the 
mill-stohes; it has 28 teeth. 



. From 458 to 468* 
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20, gfudgeon of the wallower, bearing on abell-metalsocket fixedintbe wall. 
21» vessels for receiving the oil from the press-boxes. 

Fig. 461, Elevation and mechanism of the mill-^tqnes. 

1, upright shaft, carrying the g^reat cog-wheel above, and the runner mill 
stones below in their frame. 

2, cog-wheel of 76 cogs, driven by No. 19 of fig. 460. 

3, the frame of the runners. 

4, the innermost runner, or the one nearest the shaft 

5, outermost ditto, being farther from the shaft. 

6f the inner rake, which collects the grain under the outer nmner. 

7, the outer rake, which collects the grain under the inner rutin er» In 
this manner the grain is always turned over and over, and crushed in evet^' 
direction. The mner rake lays the g«dn in a slope, of which fig. 465 is a 
section; the runner flattens it, and the second rake UfU it u^^in, as Is mna'ked 
in fig. 466; so that every side of the grain is presented to the miH-atone^ 
and the rest of the legger or nether mill-stori:- h so ijwept by them, that 
not a single grain is left on any part of it. Tht^ outer rake is also fumtahed 
with a rag of cloth, which rubs against the boi-der or tioop that suiToiinds 
the nether mill-stone, so as to dri^ out the few grains which might otlier- 
wise remain in the co^er. 

8, the enda of the iron axle which passes throug-h the upright ahafl, and 
through the two runners. Thus they have two motionsi first, a rotntion 
round their own axis;, secondly, that^by which they are cairied round upon 
the nether mill-stope, on which they roU- TJic holes In these mill-atones 
are made a little wide; and the holes in the cars of the frame, which cany 
the ends of the iron axes, are made oval up and down. This great freedom 
of motion is necessary for the runner mill-stone a, because frequently more 
or less of the grain is below them at a time, and they must therefore be at 
liberty to get over it without straining, and pcrhups breaking, the shoit- 

9 and 10, the border or hoop which sun-ounds the nether mill-stone. 
11 and 12, the nether mill-stone and ma?ionr%' which support it. 

Fig. 462, plan of the runner mill-stones, and the frame which carries them 
round. 

1, 1, are the two mill-stones. 

3, 3, 3, 3, the outside pieces of the frame. 

4, 4, 4, 4, the cross-bars of the frames, which ei^b^ace the upright shaft 5, 
saxd give motion to the whole. 

6, 6, the iron axis upon which the runners turn. 

7, the outer rake. 

8, the .inner ditto. 

Fig. 463 represents the nether miU-stone seen from above. 

1, the wooden gutter which surrounds the nether m'dl-stone. 

2, the bonder or hoop, about six inches high sdl round, to prevent any seed- 
being scattered. 

3, an opening or trap-door in the gutter, which can be opened or shut at 
pleasure; when open, it allows the bruised grain, collected in and shoved 
along the gutter by rakes, to pass through into troughs placed below to 
receive it. 

4, portion of the circle described by the outer funner. 

5, portion of the circle described by the inner one. By these we see tl^at 
the two stones have different routes round the axis, and bruise more seed. 

6, the outer rake. 

7, the inner ditto. 

8, the sweep, making part of the inner rake^ occasionally let down for 
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sweepiag offall the seed when it has been sufficiently braised. The pressure 
andaction of these rakes is adjusted by means of wooden springs, which can- 
not be easily and distinctly represented by any figure. The oblique position 
of the rakes, (the outer pouit going foremost,) causes them to shove the 
grain inwards, or toward the centre, and at the same time to turn it over 
somewhat in the manner as the mould-board of a plough shoves the earth 
to the right hand, and partly turns it over. Some mills have but one 
sweeper t and indeed there is g^reat variety in the form and construction of 
this part of the machinery. 

Fig. 464^ profile of the pestle-frame. 

1, section of the horizontal shaft. 

2, three wipers for lifting the pestles. 

3, litUe wheel of 28 teeth for giving motion to the spatula. 
4f another wheel which is driven by it, having 20 teeth. 

5, horizontal axle of ditto. 

6, another wheel on the same axle, having 13 teeth. 

7, a wheel upon the upper end of the spindle, having 12 teeth. 

8, two guides, in which the sjundle turns freely, and so that it can be shift- 
ed higher and lower. 

9, a lever, movable round the piece No. 14, having a hole in it at 9, through 
which the spindle passes, turning freely. The spindle has in this place a 
shoulder, wnich rests on the border of the hole 9, so that by the motion of 
this lever the spincUe may be disengaged from the wheel-work at pleasure; 
this motion is given to it by means of the lever 10, 10, movable round its 
middle. The workman employed at the chauffer pulls at the rope 10, 11, 
and thus disengages the spindle and spatula. 

11, a pestie seen sidewise. - 

12, the left of ditto. 

13, the upper rails, marked No. 3, in fig. 460. 

14, the rail, marked No. 5, in fig. 460. To this are fixed the detents, 
which serve to stop and hold up the pesUes. 

15, a detent, which is moved by a rope at its outer end. 

16, a bracket behind the pestie, having a pulley through which passes the 
rope going to the detent 15. 

ir» the said pulley. 

18, the rope at the workman's hand, passing through the pulley 17, and 
fixed at the end of the detent 15. 

This detent naturally hang^ perpendicular by its own weight. When the 
workman wants to stop a pestle, he pulls at the rope 18, during the rise of 
the pestie. When this is at its greatest height, the detent is horizontal, and 
prevents the pestie fromfitlling, by means of a pin projecting from the side 
of the pestie, which rests upon the detent, the detent itself being held in 
that position by hitching the loop of the rope upon a pin at the workman's 
hand. 

19, the two lower rails, marked No. 10, fig. 460. 

20, great wooden, and sometimes stone, block, in wMdi the mortars are 
formed^ marked No. 21, fig. 460. 

21, vessel placed below the press-boxes for receiving the oil. 

22, chauffer, or littie furnace, for warming the bruised g^n. 

23, backet in front of the chauffer, tapering downwards,. and opening 
below in a narrow slit The hair-bags on which the g^n is to be pressed 
after it has been warmed in the chauffer, are filled by placing them in this 
backet The grain is lifted out of the chauffer with a ladle, and put into 
these bags ; and a good quantity of oil runs firom it through th^ sht at the 
bottom into a vessel set to receive it. 
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24, the spatula attached to the lower end of the spindle; and turning round 
among the gnun hi the chaufFer-pan, and thus preventing it from sticking 
to the bottom or sides^ and getting too much heat. 

The first part of the process is bruising the seed under the 
runner-stones; that this maybe more expeditiously done, 
one of the runners is set about two-thirds of its own thickness 
nearer the shaft than the other ; thus they have dijOferent 
treads, and the grain, which is a little heaped towards the 
centre, is thus bruised by both. The inner rake gathers it 
up under the outer stone into a ridge, of which the section is 
represented in fig. 465 ; the stone passes over it, and flattens it. 
It is gathered up again into a ridge,, of the form of fig. 466, 
under the inner stone by the outer rake, which consists of 
two parts ; the outer part presses close on the wooden border 
which surrounds the nether stone, and shoves the seed ob- 
liquely inwards, while the inner part of this rake gathers up 
what has spread towards the centre. The other rake has a 
joint near the middle of its length, by which the outer half 
of it can be raised from the nether stone, while the inner half 
continues pressing on it, and thus scrapes off the moist paste. 
When the seed is sufficiently bruised, the miller lets down 
the outer end of the rake ; this immediately gathers the whole 
paste, and shoves it obliquely outwards to the wooden rim, 
where it is at last brought to a part that is left unboarded, and 
it falls through into troughs placed to receive it. These 
troughs have holes in the bottom, through which the oil drips 
all the time of the operation. This part of the oil is directed 
into a particular cistern, being considered as the purest of the 
whole, having been obtained without pressure, by the mere 
breaking of the hull of the seed. 

In some millsr this operation is expedited, and a much 
greater quantity of this best oil is obtained, by having the bed 
of masonry which supports the logger formed into a Httle fur- 
nace, and gently heated ; but the utmost care is necessary to 
prevent the heat from becoming considerable. This, enabling 
the oil to dissolve more of the fermentable substance of the 
seed, exposes the oil to the risk of growing soon very rancid ; 
and in general it is thought a hazardous practice, and the oil 
does not bring so high a price. 

When the paste comes from under the stones, it is put into 
the hair-bags, and subjected to the first pressing. The oil thus 
obtained is also esteemed of the first quality, scarcely infe- 
rior to the former, ahd is kept apart, (the great oil-cistern 
being divided into several portions by partitions.) 

The oil-cakes of this pressing are taken out of the bags, 
broken to pieces, and put into mortars for the first stamping. 
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Here the paste is again broken down, and the parenchyma of 
the seed reduced to a fine meal ; thus free egress is allowed 
to the oil from every vesicle in which it is contained. But it 
is now rendered much more clammy by the forcible mixture 
of the mucilage, and even of the finer parts of the meal. 
When sufficiently pounded, the workman stops the pestle of 
a mortar, when at the top of its lift, and carries the contents 
of the mortar to the first chauffer-pan, where it is heated to 
about the temperature of melting bees'-wax, (this, we are told, 
is the test,) and all the while stirred about by the spatula. 
From thence it is again put into hair-bags, in the manner 
already described ; and the oil which drops from it during 
this operation is considered as the best of the second quality, 
and in some mills is kept apart. The paste is now sub- 
jected to the second pressing, and the oil is that of the second 
quality. 

All this operation of pounding and heating is performed by 
one workman, who has constant employment by taking the 
four mortars in succession. The putting into the bags, and 
conducting the pressing, gives equal employment to another 
workman. 

In the mills of Picardy, Alsace, and most of Flanders, the 
operation ends here ; and the produce from the chauffer is in- 
creased, by putting a spoonful or two of water into the pan 
among the paste. 

But the Dutch take more pains. They add no water to the 
paste of this their first stamping; they say that this greatly 
lowers the quality of the oil. The cakes which result from this 
pressing, and are then sold as food for cattle, are still fat and 
soft. The Dutch break them down, and subject them to the 
pestles for the second stamping ; these redlice them to an im- 
palpable paste stiff like clay. It is lifted out, and put into the 
second chauffer-pan ; a few spoonfuls of water are added, and 
the whole kept for some time as hot as boiling water, and 
carefully stiired all the time. From thence it is lifted into 
the hair-bags of the last press, subjected to the press, and a 
quantity of the lowest quality is obtained, sufficient for giv- , 
ing a satisfactory profit to the miller. The cake is now per- 
fectly dry and hard, like a piece of board, and sold to the far- 
mers. Nay, there are small mills in Holland which have no 
other employment than extracting oil from the cakes which 
they purchase from the French and Brabantees : a clear indi- 
cation of the superiority of the Dutch practice. 

The nicety with which that industrious people conduct all 
their business is remarkable in this manufacture. 

In their oil-cisterns, the parenchymous part, which unavoid- 
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ably gets through, in some degree, in every operation, gradu- 
ally subsides, and the liquor, in any division of the cistern, 
comes to consist of strata of different degrees of purity. The 
pumps which lift it out of each division are in pairs; one 
takes it up from the very bottom, and the other only from 
one-half the depth. The last only is barrelled up for the 
market, and the other goes into a deep and narrow cistern, 
where the dreg again subsides, and more pure oil of that 
quality is obtained. By such careful and judicious practice, 
the Dutch not only supply themselves with this important 
article, but annually send considerable quantities into the 
very provinces of France and Flanders, where they buy 
the seed from which it is extracted. When we reflect on the 
high price of labour in Holland, on the want of timber for 
machinery, on the expense of building in that country, and 
on the enormous expense of wind-mill machinery, both in 
the first erection and the subsequent wear and tear, it must 
be evident that oil-mills erected in England on water-falls, 
and after the Dutch manner, cannot fail of being a great 
national advantage. The chatellenie or seigneurie of Lille 
alone makes annually between 30,000 and 40,000 barrels^ 
each containing about 26 gallons* 

What is here delivered is only a sketch. Every person 
acquainted with Machinery well understandstbe general move- 
ments and operations; but the intelligent mechanic well 
knows that operations of this kind have many minute circum- 
stances which cannot be described, and which, nevertheless, 
may have a great influence upon the whole. The rakes in 
the bruising-mill have an office to perform which resembles 
that of the hand, directed by a careful eye and unceasing 
attention. Words cannot convey a clear notion of this ; and 
a mill constructed from the best drawings, by the most skilful 
workman, may gather the seed so ill, that the half of it shall 
dot be bruised after many rounds of the machinery. This 
produces a scanty return of the best oil, and the mill gets a 
bad character; the proprietor loses his money, is discourag- 
ed, and gives up the work. There is no security but by pro- 
curing a Dutch millwright, and paying him with the liberality 
of Britons. Such unhoped-for tasks have been performed of 
late years by machinery, and mechanical knowledge and 
invention is now so generally diffused, that it is highly pro- 
bable we should soon excel our teachers in the branch ; but 
this very difiusion of knowledge, by encouraging speculation 
among the artists, makes it a still greater risk to erect a 
Dutch oil-mill, without having at)utchman, acquainted with 
its most Unproved present form, to conduct the work. 
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COLOUR AND INDIGO-MILLS. 

The reducing of earths, vegetable substances, and metallic 
oxyds to an impalpable powder, is still in a great degree 
effected by manual labour, by moving a heavy stone with a 
smooth surface, called a muller, upon a slab of the same 
material. To effect this work upon a large scale, and to 
secure the workman from the ill effects of the poisonous and 
noxious vapours of the paint, which is not unfrequently 
ground with litharge of lead, Mr Rawlinson, of Derby, has 
invented a machine which we here describe. It is repre- 
sented in fig. 467. 

A, the roller, or cylinder, made of any kind of black marble. Black mar- 
ble is esteemed the best, because it is hardest, and takes the best polish. 
B, the concave muller, covering- one-third of the roller, and of the same 
material, fixed in a wooden frame h, which is hung to the frame E at i i. C 
is a piece of iron, about an inch broad, to keep the muller steady, and is 
fixed to the firame with a joint at/. The small binding^ screw with a fly- 
nut, which passes through the centre of the iron plate at c, is for the pur- 
pose of laying more pressure upon the muller, if required, as well as to 
keep it steady. D is a taker-ofF, made of a clock-spring, about half an inch 
broad, and fixed similar to a frame-saw in an iron frame K, in an inclined 
position to the roller, and turning on pivots Kid d, G is a slide-board to 
draw out occasionally, to clean, &c. if any particles of paint should fall 
from the roller; it also forms itself for the plate H, to catch the colour as 
it falls firom the taker-ofF. F is a drawer for the purpose of containing cur- 
riers' shavings, which are used for cleaning paint-mills. £ is the fi^une. 

Previously to putting the colour in the mill, it must be 
pulverized in a mortar^ covered in the manner of the chemists, 
when they levigate poisonous drugs, or rather in an improved 
mill, used at Manchester, by Mr Charles Taylor, for grinding 
indigo in a dry state, a drawing and description of which is 
annexed. After undergoing this process of dry-grinding, 
which is equally necessary for the marble slab now in use, it 
is mixed with either oil or water, and is with a spatula, or 
palette-knife, put on the roller, near to the top of the concave 
muller. Motion being given to the roller, it, without any 
difficulty, carries the colour under the muller, and in a few 
revolutions spreads it equally over the surface. When ground 
sufficiently, it is taken off, both cleanly and expeditiously, by 
the taker-off described, which, for that purpose, is held against 
the roller, while the roller is turned the reverse way. The 
muller only requires to be cleaned when the workman changes 
the colour, or ceases from the operation ; it is then turned 
back, being hung on pinions to the frames at i i, and is 
cleaned with a palette-knife or spatula ; afterwards a handful 
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of carriers' shavings is held against the roller, which, in two 
or three revolutions, cleans it effectually. 

The roller of Mr Rawlinson's machine is sixteen inches 
and a half in diameter, and four inches and a half in breadth ; 
and the concave muller which it works against covers one- 
third of the roller. It is therefore evident, that, with this 
machine, he has seventy-two square inches of the concave 
marble muller in constant work on the paint, and that he can 
bring the paint much oftener under the muller in a given 
space of. time than with the common pebble muller, which, 
being seldom more than four inches in diameter, has scarce- 
ly sixteen square inches at work on the paint, whereas the 
concave muller has seventy-two. 

The quantity ground at once in the mill must be regulated 
by the degree of fineness of which it is required, that which 
is the finest requiring the smallest quantity to be ground at 
once. The time requisite for grinding is also dependent upon 
the state of fineness ; but Mr Rawlinson observes, that his 
colour-grinder has ground the quantity of colour which used 
to serve him per day in three hours ; the colour also was more 
to his satisfaction, and attended with less waste. 

When the colour is ground, Mr Rawlinson recommends, 
instead of drawing the neck of the bladder up close in the act 
of tying it, to insert a slender cylindrical stick, and bend the 
bladder close round it ; this, when dry, will form a tube or 
pipe, through which, when the stick is withdrawn, the colour 
may be squeezed as wanted, and the neck again closed by 
replacing the stick. This is not only a neater and much 
more cleanly mode than the one usually adopted, that of per- 
forating the bladder, and stopping the hole with a nail, or, 
what is more common, leaving it open, to the detriment of the 
colour ; but the bladder, not being injured, may be repeatedly 
used for fresh quantities of colour. The barrel of a quill may 
be inserted in the neck of the bladder, as a substitute for the 
stick, and the end being cut ofl^, may be closed by a small 
piece of wood. 

In order to make the whole of the process of colour-grind- 
ing complete, we shall here insert a description of the indigo- 
mill used by Mr Charles Taylor, of Manchester, for grinding 
indigo in a dry state, which may with equal advantage be 
similarly employed for colours. It is represented in figs. 468 
and 468*. 

L, fig. 468, represents a mortar, made of marble or h»rd stone; oi^e made 
in the common way will answer, Bf, a muller, or g^der, nearly in the 
form of a pear; in the upper part of which an iron aads is firmly fixed. 

Vol. II.— C 
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which axis at the parts N N turns in grooves or slits, cut in two pieces of 
oak, projecting horizontally from a wall, and when the axis is at work are 
secured in the grooves by iron pins 0. P, the handle, which forms a part 
of the axis, and by which the grinder is worked. Q, the wall in which the 
oak pieces N N are fixed. R, a weight, which may occasionally be added 
if more power is wanted. 

Fig. 468*, shows the muUer or grinder, with its axis separate from the 
other machinery; its bottom should be made to fit the mortar. S is a gproove 
cut through the stone. 

On grinding the indigo, or similar substance, in a dry state, 
in this mill, the muller being placed in the mortar and 
secured in the oak pieces by the pins, the indigo to be ground 
is thrown above the muller into the mortar ; on turning the 
handle of the axis, the indigo, in lumps, falls into the groove 
cut through the muller, and is thence drawn under the action 
of the muller, and propelled to its outer edge within the 
mortar, whence the coarser particles again fall into the groove 
of the muller and are again ground under it ; which operatioa 
is continued till the whole of it is ground to an impalpable 
powder ; the muller is then easily removed, and the colour 
taken out. 

\ A wood cover in halves, with a hole for the axis, is usually 
placed upon the mortar, during the operation, to prevent any 
loss to the colour, or bad effects to the operator. 



POTTERY. 

The clays best adapted for the manufacture of earthenware 
are excavated in Dorsetshire, and the next in quality in De- 
vonshire. 

The natural compounds, called clays, consist generally of 
pure clay, or alumine, combined with either silex or lime, and 
sometimes magnesia, and the oxyd of iron. The presence of 
the magnesia may easily be detected by its imparting a soapy 
feel ; and the iron by the clay burning to different shades of 
red, proportionate to the quantity it contains. The magnesia 
has obtained the name of soap-rock, and a marked variety 
of it steatite. 

The clay is first put into a trough about five feet long, by 
three wide, and 2^ deep, with a certain proportion of water, 
and subjected to the process called blunging, which is obvi- 
ously akin to blending, or mixing. This is performed with a 
long piece of wood formed in the shape of a blade at one end, 
and with a cross-handle at the other. The bladed end is put 
into the trough, and moved backwards and forwards, up and 
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down, with violence, till the clay be broken and well levi- 
gated. The coarser particles of the clay sink to the bottom 
of the trough, while the finer part remain suspended in 
the solution; and clay is continued to be added until the so- 
lution has acquired the consistence of thick cream. This 
thick liquid is passed into a large tub, and afterwards through 
fine hair and silk lawn sieves, and then mixed with certain 
proportions of a liquid of ground calcined flints and Cornish 
stone, which, likewise, have been passed through silk lawn 
sieves. 

The china clay, which is used in every kind of earthenware 
except the cream colour, is sometimes put into the mass, and 
blunged with it ; at other times it is put into another tub, and 
blunged separately, and is then mixed in proper proportions 
with the other slip. 

The slip is now passed into another large stone or wood 
cistern, and the parts, which have not been previously, are 
now added, and the whole is passed through fine lawn into a 
reservoir, from whence it is pumped upon the slip-kiln. 

When a steam-engine is used, the clay is thrown into a 
vertical cast-iron cone, about two feet wide at top, and six 
feet deep. Inside of this cone are fixed strong knives, having 
a spiral arrangement and inclination, and radiating towards 
the centre. In the centre of these is worked a perpendicu- 
lar shaft, with similar radiating knives, so that the knives, by 
the revolution of the shaft, cut in pieces every thing that is 
thrown into the cone, and force downward, agreeably to the 
nature of the screw, whatever may be put in, till it is dis- 
charged through an orifice at the bottom. 

The clay, thus reduced to powder, is next subjected to the 
process of blunging. For this purpose it is thrown into a 
large circular vat, or cistern, having a strong vertical shaft 
of wood, with arms formed like a gate as radii, worked by 
the power of the steam-engine. The vat is nearly filled with 
proper proportions of water and clay, which, by the rapid 
motion of the shaft, becomes well levigated and mixed; clay 
or water being added until the liquid is of the consistence of 
cream. The liquid is then passed along several trunks, at 
the end of each of which is fixed a fine hair or lawn sieve. 
These sieves have a quick horizontal motion communicated 
to them by crank machinery, which causes the slip to pass 
through into a large reservoir, where it remains till pumped 
upon the kiln. 

The flint in its crude state is the common flint used for 
Biriking fire, which consists principally of pure silex. The 
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method of calcining it is, by placing it in a small conical 
kiln, about nine feet deep, and altogether not much unlike 
that used to burn limestone. When red-hot it is taken out 
of the kiln and thrown into cold water, in order to lessen its 
aggregation, and make it easier to reduce to powder. The 
flint is next broken into pieces, either by manual labour, or 
machinery. Where manual labour is employed one man is 
found adequate to break per diem enough to supply two flint- 
pans, 12 feet diameter. 

In the other process the flints are put on a strong iron grat- 
ing, and are fitruck by large hammers, moved by machinery, 
till they be so reduced as to fall through the grating into a 
cavity, from whence they are taken to the flint-mill. 

The flint-mill consists of a large circular vat, about 30 
inches deep, with a step fixed in the centre at the bottom for 
the axis of a vertical wood or iron shaft. The upper end of 
the shaft is surmounted by a large crown cog-wheel, to which 
the moving power is applied. The lower end has, at right 
,8i)gles, four leaves, or paddles, like arms, upon which are 
fixed chert-stones. Large blocks of chert-stone are also 
placed in the vat. The flints being put into the vat, the 
whole is covered with water, to prevent any dust from aris- 
ing, which had formerly a very injurious effect. Power being 
communicated to the shaft, the chert-stones are carried round; 
with considerable velocity, and the calcined flints, being of 
a very fragile nature, are, by their reciprocal action, reduced 
to an in palpable powder. 

This semi-fluid is put into another vat, that has a similar 
vertical shaft, and when a large quantity of water has been 
introduced, the power is applied and the whole is well levi- 
gated. In this process, the weighty particles sink to the bot- 
tom, and the finest remain in suspension ; which are then 
passed into a reservoir that has certain apertures for drawing 
ofi* the surplus water, till it has subsided to a state fit for the 
potter's use. This a very important process, and is attend- 
ed with some difliiculty. It is at present best performed by 
Mr Sampson Hanley, of Sandon Mill. 

The manufacturer should be very choice in selecting the 
stones to be employed in the grinding; for should they con- 
tain calcareous carbonates, such parts will be abraded, and 
by mixing with the silicious matter will, in a subsequent pro- ^ 
cess, prove a serious injury. 

A few years ago a loss to the amount of several thousand 
pounds was experienced by some manufacturers, who had 
very injudiciously purchased stones that had been ground by 
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a person ignorant of the art, and who bad employed stones 
for the grinding containing carbonate of lime. 

The average weight of an ale pint measure of the pulp of 
flint is 32 oz. ; and of clay 24 oz. 

In some manufactories the pulps are mixed together in a 
large vat, by a process similar to that first described of mix- 
ing the clay with the water. But however the mixing be ac* 
complished, great attention must be paid to the relative spe- 
cific gravity of each fluid, and more of the solution of the 
flint, or the clay, must be added, till a pint of the mixture 
weighs the determined number of ounces. It is by the con- 
sistence and weight of these materials that the manufacturer 
is enabled to ascertain the proper proportions requisite for 
each kind of pottery ; and it is from these that he can calcu- 
late whether there be a probability of making any improve- 
ment that will yield him a profitable return. 

When the proper proportions of slop clay and flint have 
been well blunged together, the liquid is pumped out of the 
reservoir on the top of the slip-kiln. 

The slip-kiln is a kind of trough formed of fire-bricks, of 
various sizes, from 30 to 60 feet in length, by from 4 to 6 in 
breadth, and about twelve inches in depth. Flues from the 
fire-places pass under these troughs, and the bricks of which 
they are formed being bad conductors of heat, a slow and 
advantageous process of evaporation is carried on, which 
gives uniform consistence to the mass. 

The porcelain clay is never allowed to boil, but is care- 
fully evaporated at a slow heat on a plaster^kiln; the gyp- 
sum being run on old moulds pulverized, and thus forming 
a level surface. 

The slip-maker carefully attends to the evaporation, and 
at proper intervals turns over with a paddle the thickened 
mass from one end to the other, else the part nearest to the 
bricks would become hard, while the surface were fluid. To 
regulate the heat three difierent thicknesses of bricks are 
employed, the thickest being placed nearest to the fire-place, 
whero is the greatest excess of heat. 

When a suflicient quantity of the moisture is evaporated, 
which is indicated by the cessation of apparent effervescence, 
or the absence of air-bubbles on the surface of the mass, the 
composition, still called clay, is removed to the flags. 

If the evaporation were continued longer the clay could 
not be formed into the required shapes, either on the wheel, 
or by the vat, but would be what is called knotty, lumpy. 

The clay is cut out of the kilns in square masses, by means 
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of spades, and is thrown into a heap, where is attained an^ 
uniform temperature of cold and moisture. The longer it 
can lie after coming off the kiln the better it will be; but the 
time is arbitrarily varied by the want of room, of time, or of 
capital. 

When the clay is first taken off the kiln, it is, partly from 
the air-bubbles remaining in it, and partly from the non- 
dissipation of the heat requisite for evaporation, too soft to 
be worked. On this account it is well incorporated together, 
or tempered by beating with wooden mallets. It is then cut 
into small pieces with a paddle, not much unlike a spade, 
and from the paddle each piece is, with all the force of the 
workman, propelled upon the mass. These two operations 
are repeated until a proper consistence pervades, and the 
whole is supposed to be well-tempered. 

When the clay is required for the thrower, the process of 
slapping follows next. This is performed by a strong man, 
who places a large mass, about half a hundred weight, upon 
a convenient and strong bench. He then, with a thin brass 
wire, cuts the mass through, and taking up the piece thus 
cut off, he, with his utmost strength, casts it down again on 
the mass below ; and continues the operation as long as is 
considered necessary. 

This is a very laborious process, and is absolutely neces- 
sary to drive out any air-bubbles which may happen to remain 
in the mass after it has been beaten : for should any be left 
in the clay the pieces on being fired would blister and spoil, 
owing to the rarefaction of the air by the heat. On this 
very important account, the process is continued until the 
mass, wherever cut by the brass wire, exhibits a surface, 
perfectly smooth and homogeneous. 

In several of the largest manufactories the labour of slap- 
ping the clay is superseded by mechanical contrivance. A 
quantity of the mass from the slip-kiln, when rather cold, is 
thrown into a large conical iron vessel, (similar to that em- 
ployed in breaking the clay,) with strong knives fixed in it, 
with a given inclination, with corresponding knives radiating 
from a vertical shaft, moved by the steam engine with a slow 
and regular motion. By these means, all the clay put into 
the cone is very minutely separated, and pressed down, as by 
a screw, so that the mass just cut, and divided, is instantly 
squeezed together again, and is then similarly affected by 
other knives below. At the bottom of the cone on one side is 
a quadrangular aperture, through which the clay is gradually 
forced, and is by a thin brass wire cut into brick-shaped 
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pieces of from 50 to 60 pounds weight. Sometimes these 
masses are for particular purposes returned into the cone, 
and undergo the process a second time. 

Wedging the clay is a similar process, though never omit- 
ted by the J9rc55er, or squeezer^ however well it may have been 
beaten by the slip-maker. The prcsser cuts off, with a thin 
brass wire, a piece of clay from the mass, which he slaps for- 
cibly between the palms of his hands, and then with great 
violence throws it on the board; continuing the operation 
until the commixture is so complete that there is no proba- 
bility of any air-bubbles remaining. If one of the two first 
pieces of clay had been white, and the other black, the mass, 
after undergoing these processes, would present wherever 
cut a uniform gray colour. 

It is owing to the mass being properly wedged that that 
consistency and tenacity is obtained, which enables the work- 
man to employ it with facility and confidence in the fabri- 
cation of the different pieces of pottery which he has to make. 
The clays for vessels require different degrees of wedging; 
and some kinds require much more careful and continued 
wedging than others. 

The clay may now be considered ready for the thrower. 
The throwing'Wheel, or, with greater propriety, the throw- 
ing-engine^ consists of a large vertical wheel, having a winch 
or handle afiiixed to it, and a groove on the rim for the intro- 
duction of a cord. The whole is fixed upon a strong movable 
plank, by which the cord can be slackened or tightened at 
pleasure, and then upon a frame nearly triangular, or half- 
oval, and about 30 inches in height, with a broad ash hoop 
placed edgewise on the fore part, about six inches deep. 

In the centre of this frame is a vertical spindle, with its 
lower end fitted and working in a step. A little above this 
is a pulley, with grooves for three speeds of the propelling 
power, connected with the throwing-wheel by means of a 
cord or belt ; and a little higher up is a pivot turned to fit 
and work in a collar step. On the upper end is a stout 
wooden circular top, which revolves horizontally, and is in 
diameter about seven inches ; and other tops of different 
diameters are in readiness to be fixed on, according to the 
intended size of the vessel to be made. 

The engine is set ift motion by manual labour, applied at 
the winch, and another man, called the bailer ^ cuts with a thin 
piece of brass wire a piece of clay from the mass on the bench, 
and forms it into a ball, which he gives to the thrower. If 
china is to be made, the bailer, previously to forming the clay 
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into a ball, breaks it in two, and violently slaps it together 
between the palms of his hands. The thrower forcibly throws 
the ball down upon the horizontal revolving top of the engine, 
and dipping his hands frequently into water, to prevent the 
clay adhering to them, fashions it into a long thin column, 
which he again forces down into a lump, and continues to re<- 
peat the operation until he is satisfied that the air-bubbles, 
which might have remained in the clay after the processes of 
slapping and balling, are dispelled. 

The thrower now directs the speed of the engine to be leS" 
sened, and with his fingers^ which he frequently dips in water, 
be gives the first form to the vessel ; then with different pro- 
JUeSj or ribs, he forms the inside of the vessel into whatever 
shape inay be required, and smooths it by removing the 
slurry^ or inequalities. 

If a number of vessels of the same size be required, the 
thrower has a peg placed as a guage, which serves to direot 
him in the width and depth ; and when the vessel has two 
diameters, as the neck and body in a jug, be has two pegs 
to guide him. 

The thrower forms all circular vessels in this manner ; and 
^e employs different sized ribs to finish the shapes, or swell 
of the edge, &c. When he has thus given the first form to 
the clay, be cuts the vessel from the head of the engine, by 
passing a thin brass wire through the lowest parts of the day, 
which separates it, and allows it to be easily lifted off, and 
placed by the bailer on a long board or shelf, where it is left 
to dry a little preparatory to being turned, or properly smooth- 
ed and shaped. 

Where large vessels are made, and the power of a steam- 
engine applied, according to Mr J. Wedgwood's method, a 
pair of vertical cones is used, the apex of the one being op- 
posite to the vertex of the other. One of these cones is 
driven directly by the steam-engine, and transmits motion to 
the other by means of a broad belt or strap of leather, which 
is always equally tight in any and every part of the cones, 
because they are equal and reversed; but it is plain, that 
the speed of the driven cone will vary much according as 
the belt is at the top or the bottom of the driving cone. 
When the belt is at the bottom or thinnest part of the driving 
cone, the driven cone moves very slowly ; as the belt is made 
to ascend, the speed of the driven cone increases, and ulti- 
mately attains its maximum when the belt is at the top. A 
strap is attached from the driven cone to the spindle of the 
throwing engine, and the speed is varied at the thrower's 
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pleasure, by a boy working a directing winch. When the 
article is finished, the machine is thrown out of geer. 

' For forming saucers, and other small circular articles, 
there has been recently introduced a small vertical shaft, call- 
ed a jigger^ on the top of which is a turned head, suited to 
receive the mould on which the saucers, Slc. are to be formed. 

When the clay is in one peculiar state call the green state^ 
it is the most suitable and proper for performing to the great- 
est advantage the remaining operations and processes of 
turning, handling, trimming, &c. 

The turning-lathe is the same as used by wood-turners. 
The end of the spindle, outside the headstock, has a screw 
thread, upon which is screwed chocks of wood, of a tapered 
form, and of different diameters, according to the size of the 
interior of the articles of pottery to be turned. The turner 
stands very steady, and receives from an attendant the vessel 
to be turned, which he fixes upon the chock, and then with a 
tool presses the edges close down. 

The tools are of different sizes, from one quarter of an inch 
to two inches in breadth, and six inches in length, made of 
thin iron, like hoop-iron, the end for cutting being turned up 
about a quarter of an inch, and ground sharp. 

Motion being communicated to the lathe, the turner 
applies his tool or tools to the various parts of the surface 
that require reduction of substance, either as regards thick- 
ness, or the suitable shapes of rims, feet, &c. When this is 
completed, a contrary motion is communicated to the spindle^ 
during which the turner applies the flat part of his tool to 
the vessel, and by gentle pressure gives it a smooth surface, 
and solid texture. 

In the turning- lathes moved by steam some particular 
arrangements are made. A horizontal shaft runs the whole 
length of the room ; and opposite to each lathe is a drum, 
which communicates motion to a set of pulleys, 6f various 
sizes, fixed on an arbor or shaft, by means of a leather belt. 
Upon this arbor, or shaft, is a loose pulley, connected by a 
crossed belt with a small pulley fixed on the spindle of the 
lathe, which evidently will, whenever the strap from the 
drum is directed upon the loose pulley, receive a retrograde 
motion. The spindle has pulleys counter to those fitted on 
the arbor, and as they are ever revolving, the directing of the 
belt from them to the spindle, by a guide moved by the 
workman's foot, will increase or diminish the speed during 
the turning of the vessel under operation ; and when it is 
finished, by moving the drum-strap on another pulley, retro- 
Vol. II.— D 
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grade motion is given, during which the turner smooths off 
his article as before noticed. 

The engine-lathe is of the kind employed to give unto 
circular articles of hardware a milled edge ; consequently, rt 
differs from the other, or common lathe, in the formation of 
the end of the spindle, and the appendages to the headstock. 
Certain thin circular plates of steel, into whose edges are cut, 
at regular intervals, and of different degrees of bresKlth, deep 
incisions, are made to screw very firmly on the end of the 
spindle above the chock. The collar-step of the spindle is 
so fitted that it can be effected by a screw pin, which gives it 
the requisite horizontal shufHing motion. Opposite to the 
steel-plate is fixed an iron piece that fits into the incisions. 
The turner's tools are filed to give the particular form to the 
designed ornament, and the vessel, having been previously 
turned in the plain way, receives a shuffling motion back- 
wards and forwards as the spindle slowly revolves, and only 
when the incision admits the piece of iron will the vessel be 
in contact with the tool of the workman. When the iron is 
against the rim the surface remains untouched by the tool. 
Numerous very elegant and curiously indented porcelain ar- 
ticles are formed by the engine-lathe. The black Egyptian 
circular tea-pots will exemplify every species of engine-lathe 
turning. 

As the vessels as soon as turned are in the best green 
state, they are, as soon as possible, passed to the handler^ 
who fixes the spouts, handles, and all other requisite appen- 
dages. Such spouts, handles, or appendages, as are in any 
way curved, oval-shaped, or ornamented, are formed in 
moulds of two or more parts, as will be seen hereafter when 
speaking of squeezing. 

For handles, and some other articles of appendage, a press 
is used, consisting of an iron cylinder, six inches wide, and 
ten inches deep. This cylinder has a strong bottom, with an 
aperture in the centre, to which is made to fit differently 
shaped plugs. It has a piston acting by a screw, that works 
in a bent iron bow, fastened to the block on which the cylin- 
der rests. The aperture being supplied with a plug of the 
required form, some clay is put into the cylinder, and the 
piston forced down, by turning the screw, which causes 
the clay to protrude through the aperture in the shape 
required. The workmen cut it into lengths, as wanted, and 
bend it into the required form, and when sufliciently dry, 
aflix it to the vessel by slip. Slip is likewise qsed to afiix all 
other appendages. When a tube is wanted, a pin is fixed 
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in the clay that protrudes through the aperture of the cylin- 
der, a pin is fixed above the centre of the plug. The vessel, 
being allowed a short time to dry, is cleared of all the super- 
fluousclay by a knife. The vessel is then trimmed with 
other tools, and the whole of the joints cleaned off with a 
moist sponge, which, while it carries off all excrescences, 
gives to the whole uniform moisture. 

We shall, previously to mentioning the process of squeez* 
ing, take notice of the modeller and the mould-maker, whose 
occupations are very distinct branches of the art. 

The modeller has great scope for the exertion of natural 
and acquired ability, taste and ingenuity : for on him depends 
the elegance, size, figure, adaptation, and correct arrange- 
ment of suitable ornaments. His business consists in taking 
a large lump of well-tempered clay, and modelling it, by 
continued carvings, with a sharp narrow-bladed knife, into 
the rough figure: be then commences the trimming process, 
by removing all excrescences, inserting any additions, and 
finally, with a great variety of suitable tools, made of ivory, 
wood, or metal, gives to the whole the several touchings and 
retouchings requisite for finishing. 

The modellers of the present day have attained much ex- 
cellence, and as a proof we need only to state, that many who 
have seen the Portland or Barberini vase, (for modelling of 
which Mr Wedgwood is said to have paid Webber the enor- 
mous sum of four hundred pounds,) declare, that any good 
modeller would now execute the whole himself in less than 
a month, and with a proper assistant in a fortnight. The 
branch of modelling, however, is by far more common now 
than it was in the time of Mr Wedgwood; and good work- 
men obtain fair remuneration for their labour. 

The mouid-maker receives the model, and forms from it 
the requisite moulds, by employing plaster of Paris. 

The gypsum or native sulphate of lime plaster is first 
ground in a mill, similar to a flour-mill. It is then put in a 
long trough, under which runs a flue communicating with 
the fire, to effervesce until all the water is expelled. This 
process is called both boiling and burning. The workman 
has his mouth and nose always well covered, to prevent his 
inhaling any of the dusty particles, which would, if taken 
inwardly, be very prejudicial to the lungs. 

The mould-maker forms, and secures by a broad strap, a 
casing of thick clay round the model : he then mixes in a 
jug, containing a certain quantity of water, the proper portion 
of the soft impalpable powder or plaster, and stirring it 
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quickly, that the water may have an opportunity of pervad- 
ing it thoroughly., pours it upon and around the model : in 
some instances gently or briskly shaking the mass. Some 
heat is immediately given out, and the whole very soon be- 
comes a compact mass. After standing a short time, the 
mould is easily separated from the model, and each part is 
placed in a stove to be dried. 

When the moulds are found to be perfect, they are kept 
dry, by which they retain the property of absorbing moisture 
with great rapidity, so that the squeezer can often separate 
his work from them readily, and when this is the case, the 
mould is said to deliver easily. 

In some of the principal manufactories, large slabs of plas- 
ter are fitted up as shelves, which serve the twofold purpose 
of holding the newly-formed articles, and of facilitating the 
drying, by absorbing a portion of the moisture. 

The workman, called the dish-maker^ who uses moulds, 
for dishes, plates, saucers, wash-bowls, or hollow ware, 
always cuts off from the mass a piece of clay according to 
the size and strength of the article he has to make. This he 
again cuts asunder, or breaks with his hands, repeating the 
operation of forcibly slapping them together, to prevent any 
air-bubbles from remaining in it. The piece is then laid on 
a flat surface of board or plaster, and the workman with a 
heavy lump of clay, with a level under-surface, adapted for 
holding in the hand, beats the clay to the thinness the vessel 
is intended to form. These pieces of clay are technically 
called hats. 

For wash-bowls, dishes, or plates, the workman, called the 
whirler, uses a vertical spindle, surmounted with a circular 
block, ten inches diameter, and about two inches thick. On 
this he places his phster-mould, and with a bat lays the clay 
properly upon it ; he then with one hand gives motion to the 
whole, while with the other, dipped in water, he presses the 
clay very close to the plaster-mould : then, when any addi- 
tional piece is required, as the ledge, or foot, it is joined on 
with slip, and firmly squeezed to the other clay. Afterwards 
a suitable thin tool or utensil of pot, of the profile of the 
inside, is applied, to give the proper shape and thinness. 
The sponge is now again employed to clean off all excres- 
cences; the whole is cut to its size, finished with the sponge, 
and set to dry a little, and a horn tool is cmp]oyed to trim 
it off. 

The moulds are capable of being used five or six times in 
succession each day, because as soon as one has been charged 
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it is set in a stove to dry, and as the workman proceeds regu- 
larly, each is allowed equal time for drying. 

When the bowls, dishes, or plates, are taken off the 
moulds, and have been pared round the edge with a thin 
bladed knife, they are slightly polished by the hand, and 
afterwards laid on each other in quantities of four, eight, 
twelve, or more, according to their size and strength, to dry 
and harden, preparatory to being placed in saggers for the 
biscuit-oven. 

The squeezer generally uses moulds which have two or 
more parts. The moulds for figures have their parts num- 
bered. He takes a bat of a proper size and thickness, and 
lays it in one part of the mould, then with a large sponge 
beats and well forces it into all the cavities ; he next takes 
another part, on which is the bottom, and presses the two 
parts together ; he then rolls a piece of clay, and forces it into 
those parls of the article where the mould joins together, and 
afterwards cleans off all the excrescences, and secures the 
parts by a leather strap, so that they cannot come asunder 
while the mould is in the stove, or on the shelf, to dry to the 
green state. When he takes the strap off, the parts of the 
mould are carefully separated, and the vessel finished, by 
the joints being pared, cleaned, and sponged. The spouts, 
handles, covers, ornaments on the outside, and figures, are 
similarly formed and finished off. 

This part of the process was formerly performed by cast- 
ing ; but casting is now only employed for the most elegant 
irregular shapes, where strength is not important. 

The very dry mould is well closed together, and strapped 
for security. Some clay is then mixed with pure water till 
it be reduced to a pulp of the consistence of cream. This is 
poured into the mould until it be filled, and the plaster, of 
which the mould is formed, absorbs the water from the clay 
that is contiguous to it, and leaves a coating of clay attached 
to the mould. The pulp is then poured out, and the coating 
allowed ashort time to dry; a second charge of a much thicker 
consistence is then poured in, and forms a body sufiiciently 
thick for the article intended, and when a coating is again 
formed, the remainder of the pulp is poured off, and the 
mould placed a short time near to astove, and when sufficiently 
dried is separated, and the article left to dry to the green 
state : the seams of the joints are then smoothed off, and the 
article is finished by the skill of the workman, and when tho- 
roughly dried is placed in a sagger for the biscuit-oven. 

All the articles made in the clay by these various pro- 
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cesses, after being finished in reference to their shapes, figures^ 
sizes, ornaments, &c. are placed on boards, and left to dry by 
the temperature of the apartment where they were made, or 
p«t into a drying-house, green-house, or stove. 

The sagger-maker^ is expected to know the exact propor- 
tions of marl, old ground saggers, and sand, that are required 
to form the best saggers for either pottery or porcelain. 
Saggers are of different sizes, shapes, and depths, formed of 
a very porous composition, and capable of bearing, without 
being fused, a most intense heat. The bottom of each sag- 
ger has a thin layer of fine white sand, to prevent the pieces 
of pottery touching and adhering to it. 

For porcelain flat ware, as plates, &.c. the sagger is also 
firmly filled with very dry flint, to preserve each piece in its 
proper shape. When a sagger is filled with clay ware, on its 
outer edges are placed thick pieces of coarse clay, called wads 
from their being employed to wedge or closely join the inter- 
stice between two saggers, as well as to support the edges, 
and preserve equal pressure. 

Each pile of saggers placed in an oven is called a bung ; 
and the man who places the ware in the saggers, and the 
saggers in the oven, the oven-man. 

The potter's oven, for both biscuit and gloss firings, is very 
much like that in which bricks and tiles are usually burnt in 
most parts of the kingdom ; that is, a cylindrical form, sur- 
mounted by a dome. Around this oven are formed fire-places 
or mouths, whence the fire passes into horizontal flues in the 
bottom, and perpendicular flues, called bags, on the inside, 
and so ascends through all the interstices of the bungs of 
saggers, until the surplus escapes through the aperture in the 
dome of the oven. 

Most ovens are surrounded by a high conical building, call- 
ed a hovel, large enough to allow the man to wheel coals to 
the requisite places, and to pass along to supply each mouth 
with fuel ; and at the same time to protect both him and the 
oven from rain or any other atmospheric inclemency. 

The saggers are sometimes placed to dry in the sides of 
the hovel, and sometimes in a smoke house. 

The biscuit-oven is always the largest upon the premises. 
The workman is called the biscuit-fireman, and is <3mployed 
from 48 to 50 hours at a time. The heat is gradually in- 

• The word "sagger'* is by many supposed to be a corruption of 
safeguard j but we are disposed to date its origin to the Hebrew, from the 
word sagar, to burn. It is a baked earthen vessel into which others are 
placed when put into the kiln. 
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creased throughout the time, but porcelain does not require 
it so long, as it more readily allows the heat to be raised. 

In different parts of the oven, where they can be easily ex- 
tracted, rings of Egyptian black clay are placed, as trials, by 
which an experienced fireman can tell how much longer the 
process must be carried on, not within an hour, as indi^ 
cated by Wedgwood's pyrometer, but within ten minutes. 
Hence the pottery district has a very pertinent proverb: 
" JVothing beats a triaV^ 

The name of the ware thus fired is biscuit, because of its be^ 
ing to appearance a^d feel like ship-bread when well baked ; 
the surface is devoid of any appearance except that of a 
tobacco-pipe, sometimes tinged by the intense heat. When 
the saggers are taken out, the articles are carefully sorted^ 
and all injured pieces are rejected. 

If pottery were used in the biscuit state, it would, in some 
cases, be permeable to water ; hence wine-coolers, cUcazaras, 
are always in the biscuit state. The best size of wine-coolers 
is that which just admits the bottle, for then the air of the 
room can very little affect the water in the cooler, which con- 
sequently, by passing from the inner to the outer surface, ef** 
fects the purpose sooner ; a humid coating being thus present- 
ed to the action of the surrounding atmosphere, the evapora- 
tion causes a consequent quicker diminution of heat than 
could take place with a dry surface. 

All articles of pottery which have but one colour, and many 
that have several, are in general ornamented either by the 
pencil, or by impressions taken from copper-plates. The 
former is called bttie, or biscuii-painting^ihe latter bltie-print-f 
ing. Both processes take place on the biscuit, prior to the 
ware being dipped in the glaze. If the ware were not pre- 
viously fired, and were capable of being handled about for the 
painting, the water, used to soften the colours, would soften 
the ware; and the impressions from plates could not be clearly, 
even if at all, transferred to the ware ; water also could not be 
employed to wash off the paper, and the water which contains 
the components of the glaze would be absorbed by the clay 
body, which would by this means be rendered so soft as not 
to preserve its shape in the oven. 

it has been thought that advantage might result from being 
able to mix some substance with the clay of enamelled ware, 
which would resist the action of water, as a suitable glaze 
might then be first employed, and one firing answer for both 
the biscuit and the gloss, which would save one operation, as 
well as the time, labour, and expense of fuel. 
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In ftltie-patn/tng, the colour is mixed with water and gum, 
and carefully laid on the biscuit ware. As every stroke leaves 
a mark in the pores of the vessel, great attention must be 
paid to the pattern, for a stroke once made can never be rub- 
bed out After the pattern is finished, the ware is allowed to 
dry by the atmosphere, and is then dipped in the glaze ; it is 
afterwards exposed to heat in the gloss-oven, which fuses Ahe 
minerals contained in the colours, and gives to each a coating 
of true gloss : about 4000 young women are employed in this 
branch of pottery, and by their industry support themselves 
in a respectable manner. 

Blue-printing is the impressions taken from engraved cop- 
per-plates by means of a rolling-press. The blue-printer lays 
the plate upon a stove while the oily colouring substance is 
rubbed in, and by the heat the metalline particles contained 
ia the oil flow and sink more readily into the engraved lines. 
The colour is oxide of cobalt, fluxed with diflerent sub- 
stances, and in suitable proportions^ for the pale or dark 
blues. 

The superfluous colour is carefully cleaned ofl* the hot plate, 
which is laid on the press, and covered with a piece of coarse 
tissue paper, which has been first brushed over with a strong 
he of soft soap, called sizing. The whole is now passed 
through the press, and the heat of the plate dries the paper, 
renders it more adhesive of colour, and also more easy to be 
extracted from the plate. The impression when taken ofi*the 
plate is given to a girl, called a cutter, who cuts it into 
shapes, and hands the parts to a woman, (the transferrer,) 
who puts them on the biscuit, and when she has properly ar- 
ranged them rubs them till the several pieces are completely 
affixed to the biscuit article : the article is then left for a short 
time to imbibe the colouring matter ; after which the paper 
is well washed ofi* with clean water, and the article is put in- 
to a kiln to dissipate the oil. Sometimes the outline of a pat- 
tern is printed on the ware, and the colours are afterwards 
added with a pencil. 

The earthenware is now ready to receive the smooth coat- 
ing called glaze or gloss. The employing of this glaze, 
though in general, is not always, with a design to prevent the 
vessel from imbibing the liquid that may, at any future time, 
be poured into it ; because some bodies of earthenware are, 
before glazed, impermeable to liquids of any kind ; but with 
a design of accomplishing a more important object, that of 
hiding the substance of the vessel, which is not always either 
for fineness of texture or whiteness of colour, of a very pre- 
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possessing appearance. A ooatiog of mere glaie wcniU, by its 
transparency, only expose these defects ; even if it were suffi- 
ciently contractile and expansile, by sudden changes of tem- 
perature, to admit of its being used. Hence is employed a 
vitrifiable composition of oxides of lead, glass, tin, &c« some- 
what resembling common flint-glass, readily made fusible by 
a little alkali and hardened flint, which will, when well man- 
aged, possess sufficient opacity, and by applying a certain de- 
gree of heat, flow and vitrify, and render fusible any flint or 
clay in contact with it, and jthus not only fill up the pores of 
the biscuit article, but cover the whole with an opaque coat- 
ing, that may be regarded as of real flint-glass. 

As the glaze that suits one composition of ware will not 
suit another, owing to the difierence in kinds as well as pro- 
portions of materials, it is ever requisite that the components 
of the glaze be carefully appropriated to the hardness, density, 
&c. of the components of the clay ; because a good glaze 
should always possess the property of remaining, after being 
fired, unaflected by heat or cold, in exactly the same ratio as 
the clay, else on any sudden change of temperature, there 
would be a counter action between the body and the glaze. 

When the article is short-fired, it is always more susceptible 
of the components of the glassy surface, and becomes alto- 
gether crazed, or full of little cracks, which render it per- 
meable to water, and receptive of oily and greasy, and other 
heterogeneous substances, and ere long the article will, by 
constant usage, appear very much like a rotten substance. 

Crazing is the technical term for the cracking of theglaze, 
whatever be the cause: whether it arise from excess of alkali 
in the materials composing the glaze, the deceptive union of 
the body and glaze, the unsuitableness of the body to the 
materials of the glaze, the components of the glaze not 
being equally fusible at the heat employed, or the heat for 
the proper fusion of the glaze being too high for the body 
itself. 

Mr Parkes states, that a little lime mixed in the clay will 
prevent crazing ; but manufacturers are of opinion that the 
fact is the contrary. Lime will in a slight degree add to the 
transparency of porcelain, but ever render it liable to craze. 
If the articles, whether biscuit or gloss, be taken out of the 
oven before tolerably cool, the temperature of the air will 
most generally affect them, and especially the glaze, which 
is not then properly annealed. 

The glaze is a vitrifiable composition, about the consist- 
ence of, and in appearance, very much like new cream. It is 
Vol. H.— E 



34 THE OPERATIVE MECHANIC 

essential that it be thin, and when fired, possess a degree of 
opacity to approach as nearly as possible to, and yet be below 
the fusibility of the biscuit, that the combination may be more 
intimate and permanent. Hence its cohiposition varies for 
each body, consonant with the view and experience of the 
manufacturer; and it is very seldom that it can be applied 
to another body without previously altering its composition.* 

In some instances the cost of glazi^ng is much less than in 
others ; though economy is sought for in all, and each manu- 
facturer regards his own as the best and cheapest of the kind 
for the purpose to which it is employed. Great care is taken 
that the recipe^^ which are considered very valuable, be kept 
«L8 much as possible secret among themselves, to prevent 
foreign potters availing themselves of them, to the injury of 
our manufacture. 

Raw glazes are employed for the common pottery, such as 
toys, jugs, tea-ware, &c. They are generally composed of 
white lead, Cornish-stone, and flint, ground by a hand-mill. 
We have seen a few raw glazes for porcelain of a very good 
<iuality; but fritt glazes are mostly used, and are of ex*^ 
cellent quality. 

Fritt is derived from a certain combination of different ma- 
terials being well mixed together, or/n«ed, and then calcined ; 
which procures a union of all the parts, and a solidity and 
purity not otherwise attainable. The fritt is generally placed 
where it can be affected by a sufficient heat to fuse all its 
ingredients, without volatilizing the uncombined alkali. 

Lynn sand is occasionally one of the ingredients employed 
in the fritt. Some persons use soda, to render the fritt more 
fluent while being fired. In some instances, common salt is 
used along with a portion of potash, which decomposes it, 
«ind drives off" part of its impurity. The remaining impuri- 
ties are driven away in the process of fritting. Let it be re- 
membered, however, that brilliancy of glaze is formed only 
by lead ; and that the employment of salts ever produces a 
poor appearance. 

The calcined fritt is pounded, picked, sifted, and ground to 
an impalpable powder, after which it is mixed with certain 
proportions of white-lead and flint, and again ground in a very 
powerful mill. The finer it is ground, the more serviceable 
it is for the purpose ; the glaze is every way better, is more 
level on the ware, more readily and easily fired, of greater 
brilliancy, and scarcely ever liable to craze. 

The lead causes the other components to vitrify at a certain 
heat; and accordingly as more or less is used, the glaze 
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.becomes harder or softer. Many objections have been made 
to its employment : those in referring to vessels for domes- 
tic purposes we have already noticed ; and in reference to the 
dippers being subject to paralysis, (which is supposed to re- 
sult froip the lead,) every aid is afforded by preventives, and 
where attention is paid ,to personal cleanliness, and the wa- 
ter and towel placed for their use are employed, deleterious 
effects can seldom be experienced. 

The materials being well ground and in a state of fluidity^ 
are next put into the dipping tub. As the materials are heavy 
it is requisite to keep the powder suspended, and uniformly 
dispersed through the mass, which weighs about 32 oz. per 
ale-pint. By the side of this tub stands the dipper, and a boy, 
his assistant. The boy is employed in brushing the articles, 
and delivering them, one by one, to the dipper, who dips them 
quickly into the liquid, and as soon as he takes them out, 
turns them rapidly about, that the thickness of the liquid 
may be equal in all the parts. The water is imbibed by the 
porosity of the biscuit, and there is left a coatingof the sub- 
stances, sufficiently hard to continue affiled until the article 
be placed in the sagger. The article is then placed on a 
board, another is similarly dipped, and thus it proceeds until 
the quantity be finished, when the whole are put into saggers. 

When a flat piece has been dipped, it is placed on a 
board, in which are a number of nails, about an inch above 
the surface ; the superfluous compound runs off, the remain- 
der quickly dries, and soon admits of being moved ; which 
effects a saving in fuel and materials, and the articles are 
better glazed. 

Hollow pieces and blue-printed ware, are placed on hair 
sieves, or on four pieces of sheet iron, from two to three feet 
long, called a fiddle; in three minutes the dipped articles 
are sufficiently dry to be removed to the board, and a few 
minutes afterwards to be placed in the saggers. 

In the inferior earthenware certain metallic oxides, as of 
copper, &c. are mixed with the glaze. These kinds of glazes 
are distinguished by the name of dips. When the article 
has been thus dipped^ it is finished on a turner's lathe, to 
mark what is to be white, and when the appendages are fix- 
ed it is dried in the oven. 

The articles are again put into the saggers to fuse the 
glaze, and as in this process each would attach itself to the 
other, were they to come in contact, pieces of clay of differ- 
ent sizes and shapes, called stilts, cockspurs, rings, pins, 
bats, &C. are put to keep them apart. 
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The saggers are, as before, piled in the gloBe-oven, which 
seldom holds more than one-half the quantity of ware fired in 
the biscuit-oven. The ghss-fireman raises the temperaturie 
as quickly as possible to a height sufficient to fuse the glfize, 
which is much lower than the heat of the biscuit-oven, and 
usually keeps it fired from 16 to 19 hours. Trials, made of 
native red clay, are found very essential in this operation, to 
prevent the ware being more intensely heated than the bis- 
cuit body will bear ; for as clay contracts by every addition 
of heat, were the hieat of the gloss-oven to exceed the heat 
used for the biscuit, the articles would be further contract- 
ed, and would be either crooked in shape, or injured in the 
glaze. The coating of glaze which adhered to the biscuit 
is, by this firing, uniformly spread over the surface, the par- 
ticles are fused altogether, and the ware, when cold, appears 
to be covered with perfect gloss. 

As the gloss-oven is sometimes fired to a greater degree 
of heat than some colours will bear, another process is em- 
ployed, called enameUingj because the designs are more ele- 
gant in their execution and form, and the colours are burnt 
into the glaze of the pottery. These designs are of the fin- 
est description, and are most delicately executed upon the 
glossy surface* 

The colours used are generally of a mineral or metallic 
nature. For blacks^ oxide of umber and cobalt, and a little 
oxide of copper. The best oxide of iron is produced by 
causing heated air to act upon iron. 

For purples and violetSf precipitate of eassius, and oxide 
of gold. 

For greens^ oxide of copper, and precipitate of copper. 

And for btues, oxide of cotelt. 

These oxides are all in an impalpable, powder, and are 
mixed with a certain powder as a flux, and are so prepared 
as never to spread beyond their lines, or injure the drawing 
while being fired. 

Each colour is ground with a muller on a large hard atone, 
and is incorporated with acid of tar, oil of turpentine, or 
whatever oil may be deemed suitable, and is evaporative. 
Camel-hair pencils are used to lay the colours on the pottery. 

As both males and females are employed in this branch, 
the men are called painters, the women paitiiresses: but in 
blue-painting, where no men are employed, the women are 
called blue-painters. 

This is the finest and most durable species of painting, and 
it is capable of being employed for the most elegant and valu- 
able embellishments, as neither air, nor wear, can affect 
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either the beauty of the design, or the brilliancy of the co- 
lours. 

QUding requires the precipitate of gold from its solution 
to be properly mixed with oil of turpentine, and great pains 
must be taken in laying it on the pieces, which is done in a 
manner similar to the preceding. When the article is heated, 
the oxygen flies ofi* and leaves on the ware the gold in a 
metallic, state ; but the natural brilliancy of the gold is want- 
ing, consequently, a burnisher of agate, blood-stone, or steel, 
is applied to the gold, first moistened with fiint<water, to 
procure the bright and shining property of the precious me- 
tal, which is, by that means, quickly brought in yiew. This, 
when the gold is not too much lowered by fluxing, will 
scarcely ever tarnish. 

Black-printing is a very distinct and curious process. 
The workman boils a quantity of glue to a certain consis- 
tence, and pours it on very smooth dishes, to the thickness 
of an eighth or a quarter of an inoh, according to the size of 
the plate he may have to use. This, when cold, is cut into 
sizes -for the plate, called papers ; and he makes as many 
as be can conveniently use in his routine of working. 

Then taking a copper-plate, properly engraved, be rubs 
into it some well-boiled oil, and having properly cleansed the 
plate, forcibly presses the glue-paper against it ; the latter 
being firmly fastened to a piece of wood to be held in one 
hand, and the paper being, laid on a boss or cushion held in 
the other. The oil in the plate adheres by the pressure to 
the glue-paper, and be carefully, but firmly, presses it and the 
piece of pottery together ; then separates them, and with fine 
cotton slightly sprinkles the colour, (which is in animpalf^ble 
powder,) upon the design left by the oil. After a certain 
time the oil has evaporated suflSciently to permit all super- 
abundant colour to be wiped off*, which is done with much 
delicacy and attention, by using old silk-rags, and the black 
printed pottery is placed in the enamel-kiln, where the glaze 
and colour fuse and incorporate. 

The enamel-fcihi is commonly made in the shape of a che- 
mist's muflie, from about six to ten feet long, and three to 
five feet wide ; having from one to four mouths, according 
to the size of the kiln, and the purposes to which it is appli- 
ed ; th6se mouths are made for the admission of fuel. In 
this kiln the articles are very carefiilly placed in layers, or 
thin bats, until the whole be filled ; the mouth is then stop- 
ped, and the kiln fired for about eight or ten hours. 

The articles, when painted, gilckd, or black-printed, are 
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subjected to a third firing in the enamel-kiln, which fuses 
both the glaze and the colours, and the mineral or metallic 
particles flow and become incorporated into the glassy surface. 

Lustre ware consists of an inferior quality of the materials 
worked into the usual forms, and having the hue of gold, 
platina, or copper, &c. fixed on the glaze, whose great bril- 
liance, when first made, occasioned it to be thus named. 

The very easy method of performing the operation, and 
the quick sale which the' articles obtain, has caused it to be- 
come so common, and of a quality so inferior, as to be little 
esteemed by potters. 

The pottery to receive lustre is made and glazed for the 
purpose. That for gold lustre is made of the red clay of 
the district, and when fired gloss, has just a sufficient tint 
left to give to the articles that peculiar shade of colour ob- 
servable on viewing them. A very common article of cream- 
colour is commonly used for the silver lustre. 

The oxide used for lustre, as gold, platinum, &c. is mix- 
ed with some essential oil by the application of heat, and 
the fluid is brushed over the surface of the articles. Some- 
times ornaments are formed on the surface. For this pur- 
pose, a thick fluid of soot or lamp-black is laid on the arti- 
cles, by brushes, according to the patterns, and the articles 
are then heated in a very hot iron oven, and afterwards have 
the lustre brushed over them. When dry, they are placed 
in a kiln, similar to that for enamel ware ; which, being care- 
fully fired, dissipates the oxygen, loosens the ornamental ar- 
ticle, and restores the metallic lustre to a degree almost 
equal to its primitive brilliance ; but in some cases it is of a 
coppery and steely brilliance. 

In Messrs Rileys' shining black biscuit porcelain, the ware 
is of a jet black jasper, or porcelain body, having undergone 
a high degree of vitrification, which elicits a lustre, or bright 
vitrified polish on the surface, of the appearance of black 
coral, without a glaze, which is of considerable importance in 
point of durability, elegance, and usefulness. It is warranted 
never to change its elegant quality by time or use, and will 
clean with water, equal to a piece of the finest porcelain. It 
has a decided advantage over the dry body, or common 
Egyptian blacky which is generally scoured and oiled to give 
the surface a smooth appearance, by which it imbibes dust 
and becomes ofiensivcy and the substance of which it is com- 
posed being of a porous nature, it becomes saturated with the 
liquids poured into it, which eventually prove unwholesome, 
as well as disagreeable to the hands and sight ; the whole of 
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these disadvaQtages is obviated by Messrs Rileys' black 
lustre, which, being perfectly vitrified, allows no liquid to 
be imbibed. 

The direful effects of using lead in the manufacture of pot- 
tery are manifest by severe cholics, paralysis of the limbs, 
and often the untimely death of the workman ; and yet this 
dangerous mineral forms the glaze of the common red pottery , 
in which much of the food of the lower classes is prepared. 
Lead is slightly soluble in animal oil, more copiously in the 
acids of our common fruits, and more especially when their 
action is aided by the heat required in cookery. It is not im- 
probable that many of the visceral disorders of the poor, who 
use such pottery, are attributable to this little suspected 
source; and that it is to procure the temporary removal of the 
pain occasioned by the action of the lead, that they habituate 
themselves to the deleterious use of distilled spirits. 

It was on this view of the subject that the Society for the 
Encouragement of Arts, Manufactures, and Commerce, were 
induced to offer their largest honorary premium for the dis- 
covery of a glaze for such red pottery, composed of materials 
not any way prejudicial to the health, and which from its 
cheapness, and fusibility at the^comparatively low tempera- 
ture required by red pottery, might supersede the use of lead 
in that branch of manufacture. 

This important object was eventually discovered by J. 
Meigh, Esq. of Shelton, who was well persuaded of the pos- 
sibility of its accomplishment, and who, without any other 
stimulus than a desire to benefit mankind, first fully ascer- 
tained what particular objects were contemplated by the So- 
ciety, and then communicated his successful process; by 
which any makers of red pottery, who may choose to depart 
from long-established usage, which is but too often the great- 
est obstacle to improvement, may easily remove the source 
of the mischief, and considerably improve the quality of the 
ware, and effect a saving in materials in fuel. 

After this view of the subject, we shall not be required to 
apologize for giving the process in Mr Meigh's own language. 

"The common coarse red pottery, being made of brick- 
clay, is very porous, and is fired at as low a temperature as 
possible, to save the expense of fuel, and to avoid fusion, or 
variation of shape, which would result from highly firing 
common clay ; consequently there is needed a glaze to fill up 
the pores, that the vessel may contain fluids. This glaze 
must be very fusible, and cheap ; hence, ' for transparent 
vessels, litharge, and for black opaque, common lead ore, are 
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used. A glaze of lead, whether altogether or in part, is 
objectionable, because, first, when quickly raised to the tem- 
perature of boiling water, it cracks from different expansi- 
bility of the clay and the glaze, so that the liquid permeates 
the body of the vessel ; and secondly, the glass of lead, whe- 
ther alone or mixed with small proportions of earthy matter, 
is v^ry soluble in vinegar, in the acid juices of fruits, and in 
animal fat when boiling." 

The injurious effects arising from these have been already 
stated. Mr Meigh therefore proposes, that a mixture of red 
marl, which can be easily ground in water to an impalpabJe 
paste, and will remain suspended therein for a long time, 
be employed to dip the vessel in, so that its pores may be 
filled with the fine particles of the marl, preparatory to 
glazing ; which is performed with a mixture, of the con- 
sistence of cream, of equal parts of blaok manganese, giasi) 
and Cornish-stone, (chiefly felspar,) well ground and mixed 
together; in a white glaze the manganese is omitted. After 
undergoing this process, the ware is well dried and fired, as 
usual. 

Mr Meigh also proposes a substitute for the materials of 
the common red pottery, consisting of lour parts common 
marl, one part red marl, and one part brick-clay. The ware 
made in this way is of a reddish cream-brown, harder, more 
compact, and less porous, than the red pottery ; more econo- 
mical to the potter, and calculated to contribute in no incon- 
siderable degree to the health of the lower classes who use 
the red pottery. 

The aim of the principal manufacturers has been to obtain 
the composition of a clay and glaze for porcelain, wbich, 
when fired, should be very fine in its texture, extremely white 
in colour, possess considerable transparency, and at the same 
time be able to bear different degrees of heat and cold. 
That the reader may understand more fully the several peculi- 
arities which are considered by manufacturers as essential to 
perfect porcelain, we shall state, 

Timt the first and most important quality is a superiority 
in the wkUeness of the porcelain ; that its appearance be free 
from any specks, and that it be covered with a rich and very 
white glaze of almost velvet softness in appearance, and of 
best flint-^glass smoothness to the touch. 

That the second important and essential quality is dura- 
bUUy, or a substance whose components will bear, without 
being injuriously affected, a sudden and rapid increase of 
t^nperature, and particularly to sustain unaltered, the action 
^f boiling water. 
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That the third essential quality is transparency, which is 
admitted to be, in some measure, requisite, but certainly not 
entitled to that high degree of preference so frequently given 
to it, the best porcelain being a shade less transparent than 
a kind much inferior. 

Formerly, connoisseurs very highly estimated porcelain of 
a line granular texture ; but this criterion of excellence can- 
not always be relied on. 

To ascertain the texture of an article, it must be fractured, 
and thereby tacitly destroyed ; the semi-vitrification and 
closeness of texture observable in one piece will not be so 
obvious, but there will be a varied appearance in different 
pieces, though all be fabricated at the same time, and from 
the same mass of materials. 

Stone-china is formed of a compound of Cornish-stone and 
clay, blue clay, and flint ; and with a glaze, consisting of 
lead, bullet-glass, Cornish-stone, and flint. It is very dense 
and durable; but less transparent than bone-china ; and is 
very much used for jugs, and the larger sorts of vessels. 

Iron-stone china is not very transparent ; but possesses 
great strength, compactness, density, and durability* It is 
not much used for tea-ware, but has very suitable properties 
for dinner and supper services, jugs, and ornaments. It was 
discovered by Messrs G. and C. Mason, and has been 
more productive than any other species of pottery or porce- 
lain. 

Fdspar china, which has been only very recently intro- 
duced, is the most noted of all the porcelains ; it results from 
the introduction of certain proportions of a fresh material 
into both the clay and glaze. 

Comish'Stone is a species of granite in a state of decompo- 
sition, and contains much felspar. Cornish-day is found in 
situations where this decomposition is in prbgress. The de- 
composing granite is broken up with pick-axes, and the frag- 
ments are thrown into running water, whose action washes 
ofi*, and keeps in suspension, the slight argillaceous particles 
miscible with that fluid. The water is discharged into pans 
or pits, where the particles subside, and the water is evapo- 
rated, formerly by the atmosphere, but now by heated flues 
passing under the reservoirs. When the water is evaporated, 
the substance is cut out in square lumps, and placed on 
shelves to dry, when it becomes extremely white, and in the 
state of an impalpable powder. It is then packed up in 
casks, and forwarded to the manufacturers. 

The clay of the best felspar porcelain is formed of certain 
Vol. II.— F 
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proportions of cbioa^stone and felspar ; the mixing of the pro- 
portions requires much attention, for an excess of felspar 
would cause the vessels to shrink in the biscuit-oven, prior 
to the fusion of the clayey particles, which causes its trans- 
parency ; and an excess of china-clay would increase the 
opaqueness. In both cases, the glaze would expand and 
contract in a ratio differing from that of the biscuit, and cause 
the pieces to be crazed. . The fusibility of native felspar is 
owing to its containing about 13 per cent, of potash, which 
causes it to be one of the best materials for glazing porce- 
lain. Calcined bone is used, and renders the clay very white ; 
but it should be employed with judgment, as its great con- 
tractibility causes the articles wherein it is used to excess, 
to crack on sudden changes of temperature. 

Beside the porcelain or china-clay already noticed, the 
manufacturers use four other kinds ; the two first from De- 
vonshire^ the two last from Dorsetshire. 

The 6iacA^^y is remarkable for the fact^ that the bituminous matter which 
gives the colour, whence it derives its name, flies off by firing ; and the 
blacker the clay when first dug, the whiter will be the pottery. 

The cracking-clay is used because of its extremely beautiful whiteness 
when fired ; but it requires very exact proportions of flint, otherwise the 
wai>e will crack during the firing of the biscuit. 

The hrowrKiay bums very white without cracking, and some manufiic- 
turers use much of it $ but as the ware does not so readily imbibe the par- 
ticles of melting glaze, the liability of the ware to craze causes others to 
reject it altogether. This clay is with difficulty sifted through the lawn, 
requires much longer weatherings or exposure to the action of the atmos- 
phercj for the separation of its particles, and to prevent crazing, different 
proportions of oUier materials \ but the matest objection to it is, that some 
of the kind sent within these few years nas always burned inferior in colour 
to what it formerly did. 

The hlut-clay is the best, and the most expensive. It forms a very white 
and solid body, and requires a much greater proportion of flinty which con- 
siderably improves the quality of the ware ; but the proportions require 
very strict attention, and a higher degree of biscuit-fire. 

The cream-coloured pottery has its name from the tint of 
its colour, being that of new cream. It is, when well made, 
and properly fired, very sonorous, sufiliciently hard to elicit 
sparks by the application of steel, and will contain liquids with- 
out being permeated by them. When it is of good quality 
it will resist the action of nitre, glass of lead, and other fluxes, 
which renders it of great utility in all domestic and chemi- 
cal processes where great heat is used. Care must be paid 
to the current of air while the pottery is in contact with fire, 
otherwise its hardness and density, by preventing its sudden 
contraction or expansion, renders it very liable to break. 

Wedgwood's cream-cploured pottery is allowed to retain 
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its superiority, neither failing nor crazing through age ; while 
much of the pottery made by persons of small capital is very 
subject to both these defects. 

Cream colour is formed, according to the views of the ma- 
nufacturers, of various proportions of blue and porcelain clays, 
flint and Cornish-stone; others add black, or brown, and 
cracking clays, with little flint and stone. Recent experi- 
ments prove that pottery of very good quality may be made by 
mixing from 30 to 40 per cent, of the native clay with blue 
and porcelain clays, and flint and stone. 

The glaze for cream-coloured pottery is formed of white 
lead, Cornish-stone, and flint. The excess of lead renders 
the glaze more or less yellow, which is remedied by the ap- 
plication of other materials ; the flint gives consistence to the 
lead during vitrification, and prevents its great fluidity, 
which else would cause it to run down the sides of the ware, 
and leave certain parts without glaze. 

The deleterious efiects arising from the employ of white- 
lead in the fabrication of vessels used for condiments have 
been pointed out, as has also the importanceof a substitute ; 
but as the best manufacturers use much Cornish-stone and 
flint in their glaze, and most especially for those vessels call- 
ed bakers, the cause of complaint does not attach itself to their 
pottery. All persons, therefore, who wish their pickles and 
preserves to be unaffected by this poisonous mineral, should 
resolve on purchasing their jars from the dealers who have 
their goods from the most respectable manufacturers, who 
will readily vouch for the excellence of their articles. 

It is not sufiiciently known, that most of the earthenware 
sold by hawKers, or pedlars, is of a very inferior and danger- 
ous quality. The components of the clay of which this com- 
mon earthenware is made, will not bear a fair degree of heat, 
and in addition to the ware being short-fired in the biscuit, the 
glaze is too soft and short-fired; hence, when such earthenware 
has been used a few times, the hot water requisite for cleans- 
ing it will cause all its defects to be obvious, and ere long it 
becomes so crazed as to resemble a rotten substance. 

This soft and soft-glazed pottery is easily scratched by a 
knife ; oily matters standing on it will stain and render it 
dull ; and vinegar, and other weak acids, will attack and dis- 
solve the lead. 

The proper cream colour will bear all of these uninjured, 
and so small a quantity of lead is used, that, when properly 
glazed, pernicious efiects need not be apprehended. 

It is the opinion of some very intelligent potters, that the 
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total rejection of lead is not compatible with perfection in 
pottery. 

The blue-printed pottery is a very popular kind, and most 
persons who have seen it placed near the preceding, must 
have remarked that it is of a finer kind, with a very different 
tint or colour. 

The best species is in considerable demand for dinner, 
dessert, tea, and supper services ; while its cheapness has 
caused it to supersede almost every kind of ware. 

The difference is caused by two peculiarities ; one in the 
clay, arising from the employment of a greater proportion of 
blue and porcelain clays and flints ; the other in the glaze, 
from certain components being mixed together, and calcined 
into a frit, which is oflen picked and sifted, then ground to- 
gether with glass and white-lead, and mixed with certain 
proportions of Cornish-stone and flint. 

One kind of this pottery has its glaze varied to capacitate 
it for enamelling. The blue printed tea-ware has recently 
obtained the name of semi-china^ owing to its being, when 
well fired, very fine, white and neat, and possessing some 
degree of transparency. 

The chalky pottery is a very excellent and beautiful kind, 
having a delicate white appearance, of fine texture, and glassy 
smoothness. The nature of the day and the glaze renders it 
very proper for enamelling, as smalts are introduced, in ac- 
cordance with the views of the maker, to effect the tints. 

The clay is boiled on a plaster-kiln, and consists of certain 
proportions of porcelain, blue and Welsh clays, pulverized, 
calcined, or raw flints, Cornish-stone, white enamel, tinged 
with smalts ; and some persons add calcined bone and plaster 
of Paris. This ware requires a most ardent fire for the biscuit. 

The glaze is composed of a frit of glass, Cornish-stone, 
flint, borax, nitre, red-lead, potash, Lynn sand, soda, and 
cobalt calx. After fritting, and being well fired, it is ground 
and mixed together with white-lead, glass, flint, and Cornish- 
stone. 

The^ne red pottery is formed of almost equal proportions 
of yellow brick-clay and the red from Bradwall-wood ; an 
inferior sort is made for lustre-ware. 

In the Hall-field colliery, east side of Henley, is found a 
marl, which, when properly prepared, by levigating and dry- 
ing, will alone from a very beautiful light red, of four distinct 
shades, according to the intensity of the firing. This was dis- 
covered by Mr G. Jones, in 1814, who commenced a manu- 
facture of this kind of ornamental pottery for Messrs Bifrnett, 
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to be shipped to Holland; but the sudden return of Napo- 
leon from Elba so disconcerted the arrangements, that the 
«lder Mr Burnett died suddenly, and Jones did not long sur- 
vive the disappointment he experienced. 

The introduction of ochre will change the red to a brown 
colour. 

The bamboo, or cane-cohmred pottery, is a very beautiful 
kind, employed chiefly for ornamental articles, and the larger 
vessels of tea-services. It is neVer glazed outside, though 
one kind has the outside vitrified. The insides of tea-ware 
are well washed with ai liquid which forms, when fired, a thin 
coating of glass. The colour varies from that of a light 
bamboo to almost a buflf: but the prevalent colour is nankeen. 
The best clay or body is formed of proportions of black marl, 
brown clay, Cornish-stone, and shavings of fcream-coloured 
pottery. 

The jasper pottery was invented by Mr J. Wedgwood. It 
is extremely beautiful; and^is formed of blue and porcelain 
clay, Cornish-stone^ Cork-stone, (sulphate of barytes,) flint, 
and a little gypsum, tinged with cobalt calx. 

The pearl pottery is a superb kind for elegant and tasteful 
ornaments, and is so much valued, that the workmen are usu- 
ally locked up, and employed only on choice articles. The 
components of the clay are blue and porcelain clay, Cornish- 
stone, a little glass, and red-lead. This forms the best body 
for apothecaries' mortars ; but it is more expensive, and more 
durable, than the common mortar body. 

The black Egyptian pottery is now so very popular for 
tea-services, that few persons are ignorant of what is meant 
by thisdenomination. Its components are cream-coloured slip, 
manganese, and ochre; sometimes glazed with lead, Cornish- 
stone, and flint; and the inside is washed with white-lead, 
flint, and manganese. It was the custom formerly to grease 
the outside with butter or suet, to give it a bright appearance. 

The ochreous material is obtained from the water that is 
pumped out of the collieries. This water is carried along 
channels in which are placed small weirs, to aflbrd an oppor- 
tunity for the precipitation of the sediment. When a sufiicient 
quantity has accumulated, the water is diverted, the weirs 
are emptied, and the thick fluid is thrown into small pools, 
called sun-pans, whence the mdisture is evaporated by the 
solar heat. This substance is afterwards burned with small- 
coal, which renders it proper for use. 

The unpleasantness of the grease, requisite to give bright- 
ness to the black, having been a subject of general complaint, 
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Messrs Rilev of Burslem, were induced to attempt to remedy 
it ; the result of which was, the invention of a new black por* 
celain, with a bright burnished, vitrescent appearance, 
superior to any other kind of dry-body pottery. It never 
imbibes dust^ or absorbs moisture; and it can be cleaned 
with water equally as well as the finest porcelain, and always 
retains the appearance of a beautiful black coral. 

The drab pottery is useful for articles which require strength 
to be united to ornament, as flower-pots, water-jugs, &c. It 
is formed of blue, porcelain, and BradwalUwood clays, Cor- 
nish-stone, and black marl, mixed with nickel ; one kind is 
made of turners' shavings of cream-coloured ware made into 
slip, and mixed with nickel. The inside is rendered white 
by a wash of slip, flint, and porcelain clay. 

It has for some time been usual for ladies of taste and 
acquirements in the fine arts to purchase porcelain in its 
glazed state, for the exercise of their talents and ingenuity 
in ornamenting their own tea-sepvices. This very pleasing 
amusement is often aided by manufacturers, who readily 
afibrd every assistance in their power to facilitate the easy 
enamelling of such services ; they supply proper mineral 
colours, and the rectified oil of amber, for the best purposes, 
and the best oil of turpentine for others ; wd they attend to 
the proper firing of the enamel, burnish the gold, and dress 
ofi* the whole for the ta))Ie. 

The difierent conibinations of materials appear to be of less 
importance in the fabrication of good pottery, than due regard 
to well-determined proportions. AH clays have some pro- 
portions, more or less, of metallic matter, which cause great 
diflerence in their appearance, and the efiects produced on 
them by fire. All clays vary in colouring according to the 
ardency of the fire ; hence the oven-man's greatest care is, 
to place the saggers in the most appropriate parts. 

The chief ingredients are clay and flint ; for no pottery will 
be perfect unless made of suitable cla^, with a definite pro- 
portion of flint. The great difliculty is to unite beauty and 
goodness in the same composition. If too much flint be used, 
the pottery, after being fired, will crack on exposure to the 
air ; and if too little, the glaze will not be retained on it after 
firing. Every kind of clay that is dried alone will crack ; 
for if pure argillaceous earth be made sufiliciently soft to be 
wrought on the potter's wheel, it will, while drying, shrink 
one inch in twelve, which will inevitably cause it to craze. 

Pure clay {alumina,) is always opaque, and the flint (aUica,) 
always transparent; but both are prepared previously to 
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being used. Alumioa will unite with silica in the humid 
way, and form a paste, which, when dry, will resist decom- 
position by atmospheric affection. 

Experienced manufacturers know that thev can easily com- 
pound clays which will fire very white, be beautifully semi- 
transparent for porcelain, and bear to be covered with a shin- 
ing glaze ; but they will prove deficient in tenacity for work- 
ing, want proper compactness and density, break by sudden 
applications of heat and cold, and the glaze, because too soft, 
will crack, become rough, and lose its lustre. Again, they 
compound clays which have suitable tenacity for working, 
become very hard and dense without fusing by being fired, 
sustain, uninjured, sudden changes of excess of temperature, 
and are yet deficient in the requisite whiteness, fineness of 
tejcture, beauty, and transparency. Some clays of this de- 
scHption are nlanufactured. 

Having proceeded thus far, the reader may feel surprised 
that we have not accompanied our observations with recipes 
for the manufacture of the several kinds of pottery, as is cus- 
tomary in works of this description ; but these, we can assure 
him, are, as far as we have seen, erroneous; and, indeed, the 
manufacturers are so very silent upon this head, that the ex- 
act prpportions of the components of bodies, glazes, and co- 
lours, Cannot easily be obtained. We shall therefore conclude 
this article by stating, that the district called << the Potte- 
ries," is an extensive tract of Country in the hundred of 
North Pyrehill and county of Stafford, comprehending an 
area of about eight miles long, and six broad; and that the 
principal towns and hamlets' contained within the limits of 
the Pottery are Stoke, Henley, Shelton, Golden-hill, New- 
field, Smith-field, Tunstall, Long-port, Burslem, Cobridge, 
Etruria, Lune-£nd, Lower Lune, and Lune-Delft. 
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HOROLOGY. 

In the early ages, time was measured either by the suik^ 
dial or clepsydra ; in the former, by the shadow of a wire, 
or of the upper edge of a p!ane, erected perpendicularly on 
the dial, falling upon certain lines meant to indicate the 
hour ; in the latter, by the escape of water from a vessel 
through a small orifice, which vessel had certain marks upon 
it to snow the time the vessel was discharging. 

These modes are now superseded by the use of clocks, 
watches, and chronometers, which indicate time by the 
movement of machinery. 

Under this general head of Horology, therefore, we pro- 
pose to treat of the structure of the several kinds of ma- 
chines now used for the exact measurement of time ; in doing 
which, the articles will of necessity be divided into three 
sub-heads, Clocks, Watches, and Chronometers; and to them 
will be annexed two others, treating of some of the best kinds 
of pendulums and escapements. 

CLOCKS. 

Clocks are certain machines, constructed in such a man- 
ner, and so regulated by the uniform action of a pendulum, 
as to measure time, in larger or smaller portions, with great 
exactness. 

Fig. 489 represents the profile of a clock. P is a weight suspended by a 
tope that winds about the cylinder or barrel C, which is fixed upon the axis 
a a,' the pivots bb go into holes made in the plates T S, T S, in which 
they turn freely. These plates are made of brass or iron, and are connect- 
ed by ttieans of four pillars Z Z, and the whole together is called the frame. 

The weight P, if not restrained, would necessarily turn the barrel C with 
an uniform]^ accelerated motion, in the same manner as if the weight were 
falling freely from a height; but the barrel is furnished with a ratchet-wheel 
K K, the right sides of whose teeth strike ag^ainst the click, which is fixed 
with a screw to the wheel D D, as represented in fig. 490, so that the action 
of the weight is communicated to the wheel D D, the teeth of which act upon 
the teeth of the small wheel d, which turns upon the pivots c c. The commu- 
nication or action of one wheel with another is called tiiie pitching; a smaU 
wheel like d'la caUed SLpirUon, and its teeth the leaoea ot the pinion. Several 
thingfs are requisite to form a gt>od pitching, the advantages of which are ob- 
vious in all machinery where teeth and pinions are employed. The teeth and 
pinion-leaves should be of a proper shape, and perfectly equal among them- 
selves; the size also of the pinion should be of a just proportion to the 
wheel acting upon it; and its place must be at a certain distance from the 
wheel, beyond or within which it will make a bad pitching. 

The wheel E £is fifed upon the axis of the pinion d; and the motion 
communicated to the wheel D D by the weight is transmitted to the pinion 
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iy consequently to the wheel E E, as likewise to the pinion tf and wheel 
P F, which moves the pinion/, upon the axis of which Ae crown or halance- 
wheel G U is fixed. The pivots of the pinion / play in holes of the plates 
L M, which are fixed horizontally to the plates T S. In short, the motion be- 
gun by the weight is transmitted from the wheel G H to the pallets I K, and 
by means of the fork U X, rivetted on the pallets, communicates motion to 
the pendulum A B, which b suspended upon the hook A. The pendulum 
A B describes, round the point A, an arc of a circle, alternately going and 
returning; if, therefore, the pendulum be once put in motion by a push of the 
hand, the weight at B will make it return upon itself, and it wUl continue to 
^o alternately backward and forward till the resistance of the lur upon the 
pendulum, and the friction at the point •f suspension at A, destroys the ori- 
ginally impressed force. But as, at every vibration of the pendulum, the teeth 
of the balance-wheel G H act so upon tiie pallets I K, (the pivots upon the 
axis of these pallets play in two holes of the potence sty) that after one tooth, 
H, has communicated motion to the pallet K, that tooth escapes, then the 
opposite tooth, G, acts upon the pallet I, and escapes in the same manner; 
and thus each tooth of the wheel escapes the pallets I K, after having commu- 
nicated their motion to the pallets in such a manner that the pendulum, instead 
of being stopped, continues to move. 

The wheel E E revolves in an hour. The pivot c of the wheel passes through 
the plates, and is continued to r ,• upon the pivot is a wheel N N, with a long 
socket fastened in the centre; upon the extremity ff this socket, r, the minute- 
hand is fixed. The wheel N N acts upon the wheel O, the pinion, p, of whidi 
acts upon the wheel ggt fixed upon a socket which turns along with the 
wheel R. The wheel gg makes its revolutions in twelve hours^ upon the 
socket of which die hour-hand is fixed. 

From the foregoing description it is evident, first, that the 
weight P turns all the wheels, and at the same time continues 
the motion of the pendulum ; secondly, that the quickness of 
the motion of the wheels is determined by that of the pendu* 
lum ; and thirdly, that the wheels point out the parts of time 
divided by the uniform motion of the pendulum. 

When the cord from which the weight is suspended is 
entirely run down from off the barrel, it is wound up again by 
means of a key, which goes on the square end of the arbor at 
Q, by turning it in a contrary direction from that in which 
the weight descends* For this purpose, the inclined side of the 
teeth of the wheel R, fig. 490, removes the click C, so that 
the ratchet-wheel, K, turns while the wheel D is at rest ; but 
as soon as the cord is wound up, the click falls in between 
the teeth of the wheel D, and the right side of the teeth 
again act upon the end of the click, which obliges the wheel 
D to turn along with the barrel, and the spring A keeps the 
click between the teeth of the ratchet-wheel R- 

We shall now explain how time is measured by the pen- 
dulum ; and how the wheel E, upon the axis of which the 
minute-hand is fixed, makes but one precise revolution in an 
hour. The vibrations of a pendulum are performed in a 
shorter or longer time in proportion to the length of the pcn- 
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dulum itself. A pendulum of 3 feet 8i French lines in length 
makes 3,600 vibrations in an hour, that is, each vibration is 
performed in a second of time, and for that reason it is called 
z seconds pendulum; hut a pendulum of 9 inches 2i French 
lines makes 7,200 vibrations in an hour» or two vibrations in 
a second of time, and is called a half-second pendulum. 
Hence, in constructing a wheel whose revolution must be 
performed in a given time^ the time of the vibrations of 
the pendulum, which regulates its motion, must be consi- 
dered. Supposing, then, that the pendulum A B makes 
7,200 vibrations in an hour, let us consider how the wheel E 
shall take up an hour in making one revolution. This entirely 
depends on the number of teeth in the wheels and pinions. 
If the balance-wheel consists of 30 teeth, it will turn once in 
the time that the pendulum makes 60 vibrations ; for at every 
turn of the wheel, the same tooth acts once on the pallet I, 
and once on the pallet K, which occasions two separate vibra- 
tions in the pendulum; and the wheel having 30 teeth, it oc- 
casions twice 30 or 60 vibrations. Consequently, this wheel 
must perform 120 revolutions in an hour, because 60 vibra- 
tions, which it occasions at every revolution, are contained 
120 times in 7,200, the number of vibrations performed by the 
pendulum in an hour. 

In order to determine the number of teeth for the wheels E F, and the pi- 
nions ef, it inust be remarked, that one revolution of the wheel E must turn 
the pinion e as many times as the number of teeth in the pinions is contained 
in the number of teeth in the wheel. Thus, if the wheel E contsuns 72 teeth, 
and the pinion e six, the pinion will make twelve revolutions in the time that 
the wheel makes one; for each tooth of the wheel drives forward a tooth of 
the pinion, and when the six teetl\ of the pinion are moved, a complete revo- 
lution is performed, but the wheel E has by that time only advanced 6 teeth« 
and has still 66 to advance before its revolution be completed, which will oc- 
casion 11 more revolutions of the pinion. For the same reason the wheel F 
having 60 teeth, and the pinion /six, the pinion will make ten revolutions 
while the wheel performs one. Now the wheel F, being turned by the pinion 
e, makes 12 revolutions for one of the wheel E, and the pinion / makes 10 
revolutions for one of the wheel F^ consequentiy the pinion / performs 10 
times 12, or 120 revolutions, in the time the wheel E performs one. But the 
wheel G, which is turned by the pinion/, occasions 60 vibrations in the pen- 
dulum each time it turns round; consequently, the wheel G occasions 60 
times 120, or 7,200 Vibrations of the pendulum, while the wheel performs 
one revolution; but 7,200 is the number of vibrations made by the pendulum 
in an hour, and consequently the wheel E performs but one revolution in an 
hour; and so of the rest. 

From this reasoning, it is easy to discover how long a clock 
may be made to go for any length of time without winding 
up: 1. By increasing the number of teeth in the wheels; 
2. By diminishing the number of teeth in the pinions ; 3. By 
increasing the length of cord that suspends the weight; 
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4. By increasing the length of the pendulum ; and 5* By add* 
ing to the number of the wheels and pinions. But, in propor* 
tion as the time is augmented, if the weight continues the same^ 
the force which it communicates to the last wheel, G H» will 
be diminished. 

It only now remains for us to take notice of the number of 
teeth in the wheels which turn the hour and minute-hands. The 
wheel £ performs one revolution in an hour ; the wheel N N, 
which is turned by the axis of the wheel £, must likewise 
make only one revolution in the same time ; and the minute- 
hand is fixed to the socket of this wheel. The wheel N has 
SO teeth, and acts upon the wheel O, which has likewise 
SO teeth, and the same diameter ; consequently the wheel 
O takes one hour to a revolution. Now the wheel O carries 
the pinion py which has six teeth, and which acts upon the 
wheel ^ ^, of 72 teeth ; consequently the pinion p makes 12 
revolutions while the wheel ^^ makes one, and of course the 
wheel ^^ takes 12 hours to one revolution; and upon the 
socket of this wheel the hour-hand is fixed. All that has been 
here stated concerning revolutions is equally applicable to 
watches as to clocks. 

Clock-work, properly so called, is that part of the movement 
which strikes the hours, &c. on a bell ; in contradistinction to 
that part of the movement of a clock or watch which is de- 
signed to measure and exhibit the time on a dial-plate, and 
which is termed watch'Work. 

Fig. 491 represents the clock part. H is the first or g^reat wheel, moved 
by means of the weight or spring at th6 barrel G. In 16 or 34 hour clocks, 
this wheel has usually pins, and is called the pm-wheel; and in eight-day 
pieces, the second wheel, I, is commonly the pin-wheel, or striking-wheel, 
and is moved by the former. Next the striking-wheel is the detent-wheel, 
or hoop-whee], K, having a hoop almost round it, wherein is a vacancy at 
which the clock locks. The next is the third or fourth wheel, according 
to its distance from the first, called the waming^heel, L. The last is the 
flying-pinion, Q, with a fiy or fan, to gather air, and so bridle the rapidity 
of the clock's motion. To these must be added the pinion of report, which 
drives round the locking-wheel, called also the count-wheel, which has, in 
general, eleven notches placed at unequal distances, to make the clock strike 
the hours. 

Besides the wheels, to the clock part belongs the rash or ratch, which is a 
kind of whfeel with twelve large fangs, running concentrical to the dial-wheel, 
and serving to lift up the detents every hour, and make the clock strike; the 
detents, or stops, which being lifted up and let fall, lock and unlock the clock 
in striking; the hammer, as ^ which strikes the bell B; the hammer-tails, as 
T, by which the striking-pins draw back the hammers; latches, whereby the 
work is lifted up and unlocked; and lifting-pieces, as P, which lift up and 
unlock the detents. 

We shall now proceed to give a description of an ingenious 
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clock, contrived by the late Dr. Franklin, of Philadelphia, 
that showed the hours, minutes, and seconds, with only three 
wheels and two pinions in the whole movement. 

The dial-plate of this clock is represented by fig. 492. The hours are en- 
graved in spiral places, along two diameters of a circle, containing four times 
60 nunutes. The index A goes round in four hours, and counts the minutes 
from any hour it has passed by to the next following hours. The time as ap- 
pears in the figure is either 32 J minutes past 12, or past 4, or past 8; and so 
on in each quarter of the circle, pointing to the number of minutes after the 
hours the index has left in its motion. Now, as one can hardly be four houra 
mistaken in estimating the time, he can always tell the true hour and minute 
by looking at the clock, from the time he rises till the time he goes to bed. 
The small hand B, in the arch at top, goes round once in a minute, and shows 
the seconds as in a common clock. 

Fig. 493 shows the wheel- work of the clock. A is the first or great wheel; 
it contains 160 teeth, goes round in four houn^, and the index A, (fig. 492,) 
is put upon its axis, and moved round in the same time. The hole in the 
index is round; it is put tight upon the round end of the axis, so as to be 
carried by the motion of the wheel, but may be set at any time to the proper 
hour and minute, without afiTecting either the wheel or its axis. This wheel 
of 160 teeth turns a pinion, B, of tea leaves; and as 10 is but a sixteenth part 
of 160, the pinion goes round in a quarter of an hour. On the axis of this 
pinion is the wheel C of 120 teeth; it also goes round in a quarter of an hour, 
and turns a pinion D, of eight leaves, round in a minute; for there are 15 mi- 
nutes in a quarter of an hour, and 8 times 15 is 120. On the axis of tlus pinion, 
is the second-hand B, (fig. 492,) and also the common wheel E, fig. 493, of 
30 teeth, for moving a pendulum, (by pallets,) that vibrates seconds, as in a 
common clock. 

This clock is not designed to be wound up by a winch, but 
to be drawn up like a clock that goes only thirty hours. For 
this purpose, the line must go over a pulley on the axis of the 
great wheel, as in a common, thirty-hour. clock. 

One inconvenience attending this clock is, that if a person 
wake in the night, and look at the clock, he may possibly be 
mistaken in the four hours, in reckoning the time by it, as the 
hand cannot be upon any hour, or pass by any hour, without 
being upon, or passing by, four hours at the same time. In 
order, therefore, to avoid this inconvenience, the ingenious 
Mr. Ferguson contrived the following method. 

In ^g. 494, the dial-plate o^ such a clock is represented; in which there 
id an opening, abed, below the centre. Through this opening, part of a 
flat plate appears, on wluch the JL2 hours are engraved, and divided into 
quarters. This plate is contiguous to the back of the dial-plate, and turns 
round in twelve hours; so tiiat the true hour or part thereof, appears in 
the middle of the opening, at the point of an index. A, which is engraved on 
the face of the dial-plate. B is the minute-hand as in a common clock, 
going round through all the 60 minutes on the dial in an hour; and in that 
time the plate seen through the opening abed shifts one hour under the 
fixt, engraven index A. By these means the hour and minute may be 
always known at whatever time the dial-plate is viewed. In this plate is 
another opening, efgk, through which the seconds are seen on a flat 
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movable ringf, almost contiguous to the back of the dial-plate^ and as the rin|^ 
turns round, the seconds upon it are shown by the top point of a fleur-de-lis 
C, engraved on the face of the dial-plate. 

Fig. 495 represents the wheels and pinions in this clock. A is the first or 
^eat wheel; it contains 120 teeth, and turns round in 12 hours. On its axis 
is the plate on which the 12 hours above-mentioned are engraved. This plate 
is not fixed on the axis, but is only put tight upon a round part thereof so 
that any hour, or part of an hour, may be set to the top of the fixed index A, 
^g. 494, without affecting the motion of the wheel. For this purpose, twelve 
small holes are drilled through the plate, one at each hour, among the quar- 
ter divisions: and by putting a pin into any hole in view, the plate may be 
set, without affecting any part of the wheel-work. This great wheel A, of 
120 teeth, turns a pinion B, of ten leaves, round in an hour; and the minute- 
hand B, fig. 494, is on the axis of this pinion, the end of the axis not being 
square but round, that the minute-hand may be turned occasionally upon it 
without affecting any part of the movement. On the axis of the pimon B 
is a wheel C of 120 teeth, turning round in an hour, and turning a pinion D» 
of six leaves, in three minutes; for three minutes is a twentieth part of an 
hour, and 6 is a twentieth part of 120. On the axis of this pinion is a wheel 
£ of 90 teeth, going round in three minutes, and keeping a pendulum in 
motion that vibrates seconds, by pallets, as in a common clock, where the 
pendulum-wheel has only 30 teeth, and gt}es round in a minute. But as this 
wheel goes round only in three minutes, if it be wanted to show the seconds, 
a thin plate must be divided into 3 times 60, or 180 equal parts, and number- 
ed 10, 20, 30, 40, 50, 60; 10, 20, 30, 40, 50, 60; 10, 20, 30, 40, 50, 60; and 
fixed upon the same axis with the wheel of 90 teeth, so near the back of the 
dial-plate, as only to turn round without touching it: and these divisions will 
show the seconds through the opening efg h in the dial-plate, as they slide 
^^dually round below ^e point of the fixed fleur-de-lis C. 

As the great wheel A, and pulley on its axis, over which 
the cord goes, (as in a common thirty-hour clock,) turns round 
only once in twenty-four hours, this clock will go a week with 
a cord of common length, and always have the true hour, or 
part of that hour, in sight at the upper end of the fixed index 
A on the dial-plate. 

There are two advantages which Mr. Ferguson's clock has 
beyond Dr.* Franklin's : but it has two disadvantages of which 
his clock is free. For in this, although the twelve-hour wheel 
turns the niinute index B, yet if that index be turned by hand 
to set it to the proper miiiute for any time, it will not move 
the twelve-hour plate to set the corresponding part of the 
hour even with the top of the index A : and therefore, after 
having set the minute index B right by hand, the hour-plate 
must be set right by means of a pin put into the small hole 
in the plate just below the hour. It is true there is no great 
disadvantage in this ; but the pendulum-wheel having ninety 
teeth instead of the common number thirty, may probably 
make some difference to the scapement, on account of the 
smallness of the teeth; and it is certain that it will cause the 
pendulum-ball to describe but small arcs in its vibrations. 
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Some men of science think small arcs are best; but where- 
fore we know not. For whether the ball describes a large or 
a small arc, if the arc be nearly cycloidal, the vibrations will 
be performed in equal times ; the time therefore will depend 
entirely on the length of the pendulum-rod, not on the length 
of the arc the ball describes. The larger the arc is, the 
greater the momentum of the ball ; and the greater the mo- 
mentum is, the less will the time of the vibrations be affected 
by any unequal impulse of the pendulum-wheel upon the 
pallets. 

The greatest objection to Mr. Ferguson's clock is, that 
the weight of the flat ring on which the seconds are engraved, 
will load the pivots of the axis of the pendulum-wheel with a 
great deal of friction, which ought by all possible means to 
be avoided ; and yet one of these clocks, recently made, goes 
very well, notwithstanding the weight of this ring. This 
objection, however, can easily be remedied by leaving it out; 
for seconds are of very little use in common clocks not made 
for astronomical observations ; and table clocks never have 
them. 

Having thus described this clock, we shall next proceed to 
give a description of a clock, by the same ingenious mechanic, 
for showing the apparent daily motions of the sun and moon, 
the age and phases of the moon, with the time of her coming 
to the meridian, and the times of high and low water, by 
having only two wheels and a pinion added to the common 
movement. 

Mr. Ferguson's clock for exhibiting' the apparent daily motions 
of the sun and moon^ and state of the tides ^ &fc. 

The dial-plate of this clock is represented by fig. 496. It contains all 
the twenty-four hours of the day and nig^ht. S is the sun, which serves as 
an hour index, by going round the dial-plate in twenty-four hours; and M 
is the moon, which goes round in twenty-four hours fifty minutes and » 
half, from any point in the hour circle to the same point again, which is 
equal to the time of the moon's going round in the heavens, from the 
meridian of any place to the same meridian again. The sun is fixed to 
a circular plate, as fig. 497, and carried round by the moUon of the plate, 
on which the twenty-four hours are engraven, and within them is a circle 
divided into twenty-nine and a half equal parts for the days of the moon's 
age, accounted from the time of any new moon to the next after; and 
each day stands directly under the time, (in the twenty-four hour circle,) 
of the moon's coming to the meridian, the twelve under the sun standing 
for mid-day, and the opposite twelve for mid-night. Thus, when the moon 
is eight days old, she comes to the meridian at half an hour past six in the 
afternoon; and when she is sixteen days old, she comes to the meridian *t 
one o'clock in the morning. The moon M, fig. 496, is fixed to another 
circular plate, of the same diameter with that which carries the sun; and 
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this moon-plate turns rcmnd in twenty-four hours fifty nunutes and a half. It 
is cut open, so as to show some of the hours and c^ys of the moon's age ; 
on the plate helow it that carries the sun, and across this opening- at a and b 
are two short pieced of small wire in the moon^plate. The wire a shows the 
day of the moon's age, and time of her coming to the meridian, on the plate 
below it that carries the sun : and the wire b shows the time of high water 
for that day, on the same plate. These wires must be placed as far from one 
another, as the time of the moon's coming to the meridian differs from the 
time of high water at the place where the clock is intended to serve. At 
London-bridge it is high water when the mooVi is two hours and a half past 
the meridian. 

Above this plate that carries the moon, there is a fixed plate N, supported b^ 
a wire A, the upper end of which is fixed to 'that plate, and the lower end is 
bent to a right angle, and fixed into the dial-plate at the lowermost or mid- 
night twelve. This plate may represent the earth, and the dot at L, London, 
or any other place at wluch the clock is designed to show the times of high 
and low water. 

Around this plate is an elliplical shade upon the plate that carries the moon 
M: the highest points of this shade are marked High Water and the lowest 
points Low Water: as this plate turns round below the fixed plate N, the 
high and low water points come successively even with L, and stand just over 
it at the times when it is high or low water at the given place; which times 
are pointed out by the sun S, among. the twenty-four hours on the dial-plate: 
andy in the arch of this plate, above twelve at noon, is a plate H, that rises 
and falls as the tide does at the given place. Thus, when it is high water^ 
(suppose at London,) one of the highest points of the elliptical shade stands 
just over L, and the tide place H is at its greatest height: and when it is 
low water at London, one of the lowest points of the elliptical shade stands 
over L, and the tide place H is quite down, so as to disappear beyond the 
dial-plate. As the sun S goes round the disd-plate in 24 hours, and the moon 
M goes round it in 24 hours 50} minutes, the moon goes so much slower than 
the sun as only to make 28} revolutions in the time the sun makes 29}; and 
therefore the mbon's distance from the sun is continually changing ; so that 
at whatever time the sun and moon are together, or in conjunction, in 29} 
days afterwards they will be in conjunction again. Consequently the plate 
that carries the moon moves so mucn slower than the plate that carries the 
sun, as always to make the wire a shift over one day of the moon's age on the 
sun's plate in 24 hours. 

In the plate that carries the moon, there is a round hole m, through which 
the phase or appearance of the moon is seen on the sun's plate, for every day 
of the moon's age from change to change. When the sun and moon are 
in conjunction, the whole space seen through the hole m is black: when the 
moon IS opposite to the sun, (or full,) all that space is white; when she is in 
either of her quarters, the same space is half black and half white; and dif- 
ferent in all other positions, so as the white part may resemble the visible or 
enlightened psgrt of the moon for every day of her age. 

To show these various appearances of the moon, there is a black shaded 
space, fig. 497, as N/F/, on the plate that carries the sun. When the sun 
and moon are in conjunction, the whole space seen through the round hole 
is black, as at N; when the moon is full, opposite to the sun, all the space 
seen through the round hole is white, as at F; when the moon is in her first 
quarter, as at /, or in her last quarter, as at 4 the hole is only half shaded; and 
more or less accordingly for each position of the moon, with regard to her 
age; as is abundantly plain by the figure. 

The wheel-work and tide-work of this clock are represented by fig. 498, 
in which A and B are two wheels of equal diameters. A has 57 teeth. 
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its axis ifl hoUow, it comes through the dial of the clock, and canies the 
sun-plate with the sun, 8, in fig. 496. B has 59 teeth, its a»s is a solid 
spindle, turning within the hollow axis of A, and carrying the moon-plate 
with the moon, M, in fig. 496. A pinion C, of Id leaves, takes into the 
teeth of hotii the wheels, and turns them round. This pinion is turned 
round, by the common clock-work, in eight hours, and as 8 is a third part of 
24, so 19 is a third part of 57 1 and therefore the wheel A of 57 teeth, that 
carries the sun, will go round in 24 hours exactly. But as the same pinion 
C, (that turns the wheel A of 57 teeth,) turns also the wheel B of 59 teeth, 
this last wheel will not turn round in less than 24 hours 50^ minutes of time; 
for as 57 teeth are to 24 hours, so are 59 teeth to 24 hours 50^ minutes, very 
nearly. 

On the back of the moon-wheel of 59 teeth is fixed an elliptical ring P, 
which, as it turns round, recoils and lets down a lever £ F, whose centre of 
motion is on a pin at F; and this, by means of an upright bar G, raises and 
lets down the tide-plate H, twice in the time of the moon's revolving from 
the meridian to the meridian ag^n. The upper edge of this plate is shown 
at H, in ^^, 496, and it moves between four rollers, R R R R, in fig. 498. 

Mr. Ferguson states that be made one of these clocks to go 
by the movement of an old watch in the following manner : 
to the end of the axis of the first or great wheel of a 
watch, which goes round in four hours, he put a wheel of 
20 teeth to turn a wheel of 40 teeth on the axis of the pinion 
C ; by which means, that pinion turned round in eight hours, 
the wheel A in 24 hours, and the wheel B in 24 hours 50) 
minutes. 

The writer of the different branches of Horology in Dr. 
Rees's Cyclopaedia states, that there is an inaccuracy in the 
numbers of the wheel-work adopted in the dial-work of this 
clock, which would render it too imperfect to be used for a 
considerable length of time without a new rectification, even 
provided the motions of the sun and moon, or, more properly 
speaking, of the earth and moon, were quite equable, as the 
construction supposes, which inaccuracy, he states, may thus 
be explained. 

** As the pinion of 19 drives both the wheels of 57 and 59, when the former 
has perfbrmed a revolution in a solar day, the latter falls two teeth short of 
a revolution, which it completes not until two teeth of the second revolution 
of the wheel 57 have been again impelled, so that in every 24 hours the little 
moon loses 2-59 of its revolution, which is a part of a relative retrograde 
motion, as it re£^ards any point for instance, the upper hour xii, in the solar- 
plate, so that as often as 2 are contained in 59, so many day-spaces must there 
be on the solar-plate, figured in a retrograde direction, as the figures regard 
the principal puite; but the vahie of 2-59 is 29 J exactly, which number of 
days measures the lunation according to these wheels exactly: there is, there- 
fore, a monthly error of 44°* Z* almost, which will amount to nearly an entire 
day in the short space of about 32 lunations. 

** But there is, moreover, a practical objection to the two wheels, 57 and 
59, being both driven by the same pinion of 19, which is, that being of the 
same diameter, the distance between their teeth is not the same in both, one 
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being l^/th, and the otber l-59th of a semicircle, supponng their teeth and 
•paces to be respectirely equal to one another, but if both wheels are cut in 
the cutting-engine by the same cutter* the inequality will fall in the teeth 
entirely; in either cases, the action of one of the teeth must be bad if the 
other is properly proportioned, imd periodic jerks will be the consequence, 
which, in wheel-work going by a clock or watch BMvement, ought to be 
avoided. Whether or not Mr Ferguson had the dial of the clock at Hampton 
Court in his eye when he contrived the simple mechanism of this clock, we 
will not undeitake to affirm; but we think it extremely probable that he had, 
particularly aahe has copied the poution of the annular tndn in another of his 
clocks. Being in the habit of calculating numbers proper for representing 
given periods of time in clocks, watches, orreries, &c we have turned our 
thoughts towards the improvement of this clock, as well as of other pieces 
of mechanism, so far as relates to accuracy; and beg leave to lay before the 
r«ader the alteration that has occurred to us, for rendering the clock be- 
fore us more perfect than it is in the state above described. 

" When describing the Hampton Court clock, we endeavoured to prove 
that when the moon's age is indicated by the difference o^ the velocities of 
the two hands, moving in the same direction, and representing the sun 
and moon, the latter ought to pass the zii o'clock point, oa each day 50fn 
473 nearly later than on the preceding day; but by Mr Ferguson's calcu- 
lations we see the daily retrogradation is 50°» 526, and flie difference 
.053 amounts to an entire day's motion in a little more than 952 days; or 
somewhat upwards of 32 lunations, as we have stated. What therefore 
we want, in this case, is a couple of divisible numbers that shall be to 
each other very nearly in the ratio of 24*» to 24^ 50°» 473, which numbers, by 
a peculiar arithmetical process, become familiar to us by practice, we have 
determined to be 2368 : 2451. These are the nearest possible numbers 
that can be got without ascending higher in the scale of continual ratios, and 
are lucidly capable of reduction into composite numbers thus: 2368 taken 
as a product is equal to 74 X 32 and 2451 ^ 57 X 43; therefore the train 
43-74ths X 57-32ds will be the wheel-work required; the solar wheel of 74 
teeth being made to revolve with a tube as an arbor in 24 hours, by the 
clock movement, must impel the wheel of 43 placed on a stud, or oUierwise 
on the front plate of the frame, at one side of it, and this wheel of 43 must 
have the next driver, 32, pinned to it, to impel the last wheel, 57, or lunar 
wheel, placed on a solid arbor, concentrically behind the solar wheel, 
according to Mr Ferguson's positioii, and the dials and other designs of 
the clock face may remidn precisely as described; so that instead of the 
pinion of 19 impelling two unequal wheels at once, we shall have a pair <^ 
small wheels pinned together, one impelled by, and the other impelling its 
fellow, where the motion must be taken from an arbor of twelve hours, 
carrying a wheel of 37 to actuate the 74 in twenty-four hours, instead of 
from one of eight hours, as Mr Ferguson proposed; which mode b equally 
practicable. 

*' As a proof of the accuracy of our calculation, we have by direct propor- 
tion as 2368 : 2451 : : 24b : 24^ 50m 4729729, Sec. : hence the deviation from 
the data is here only 0000271 of a minute in each lunar day, which will 
not amount to an error of an entire day in less than 1,862,472 such days, and 
theref(xre, may be assumed as no bad substitute of the truth itself; seeing 
the clock will never be expected to go so long without clearing or stop- 
page from some external cause. 

•* Should it occur to the reader that 32 lunations constitute a period long 

enough for the clock of Mr Ferguson to go, before a new rectification, we beg 

leave to suggest to him, that in the space of a lunar day, there are two 

tides and two ebbs, consequentiy an error of three-quarters of an hour in each 

Vol. II.— H 
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luBiiti»B wffi plfkce the tid^pbte H9 three houn wrong in the ^lace of ab 
four moQths, and in nearly ei^t montht an high water will be chang^ into 
low water, and the reverse in the next eight months, which is certainly 
an indispensable error. 

** That the c]oek»maker may not be at a loss how to apply the remedy w^ 
have proposed for the inaccuracy of Mr Fevgusonfs solar and lunar wheels, 
we shall conclude our description of the clock before us with an account of 
the exact dimenaiona of the parts proposed to be substituted. If we take 
the wheel of CQBununication of S7 teeth at 12 per inch, measured at the 
pitch line, its geometncal diameter will be 98 or 9d-100tha of an inch, and its 
practical diameter, with the addendum for the ends of the teeth, 1.04; the 
wheel of 74 being double will have its geometrical diameter equal to I.969 
and its practical one 2.02; the fellow of this last or solar-wheel has its 
geometncal diameter by the same proportion, 1.14, and its practical- one 
1.20; the distance of the stud from the centre of motion of the solar and 
lunar wheels, must nece ssarily be the sum of the geometrical radii of these 
two last wheels, namely, 1.96 4- 1,14 -s* -2) which is = 1.55; again the sum 
crf'the geometrical radh oi the remaining two wheels, 32 and 57, must be 
also equal to 1.55, in order t^at the centres of motion of the solar and lunar 
wheels m ay«tactly ccnncide; butawheel of a geometrical diameter equal to 
i.55x2l or 3.10 inches and ofo2-i-57l or 89 teeth, will have only about 
nine teeth per inch, and the practical diameters of wheels 32 and 57, by the 
same, will be respectively 1.21 and 2.1. The calliper suitable for these 
proportions and dimensions is given, of their fUU size and dimensions, in 
fig. 498*, whuE^h needs no farther explanation, except that the wheels 43 and 
32 are so nearly of a size that one circle represents both, as pinned together, 
and revtilring with a contemporary motion round a stud or screw in their 
centre, going into the front plate of tiie clock-iframe. The small wheel of 32 
acts deeper into theteeth of its fellow than the 43, by reason of havin|^ 
larger teeth than the other, though the wheel is of the same si^e.^' 

In the year 1 803, the Solely for the Eoeouragement of ArtSi 
&c. presented to Mr John Prior, of Nessfield, Yorkshire^ a 
reward of thiiily gMia^at oa account of his oo^lrivaAce for the 
striking part of an eight-<lay clock. As .^» ittvenitdn is 
likely to be useful, we shall describe it here. It conmts of a 
wheel and fly, with six turns of a spiral line, cut upon the 
wheel for the purpose of counting the haurs. The pins below 
this spiral elevate the hammer, and those above are for the 
use of the detent. This single wheel serves the purpose of 
count-wheel, pin-wheel, detent-wheel, and the fly-wheel, and 
has six revolutions in striking the twelve hours. If we suppose 
a train of wheels and pinions used in other striking parts to be 
made without error, and that the wheels and pinions would 
turn each other without shake or play, then, allowing the above 
suppositionto be true, (though every mechanic knows it is not,) 
Mr Prior's striking part would be found six times superior to 
others, in striking the hours 1,9,5, 7, 10, 11 ; twelve times 
superior in striking 4, 6, 8 ; and eighteen times in striking 3, 
9, and 12. In striking 2, the inventor purposely made an 



AND MACHINIST. 69 

imperfection equal to the space of three teeth of thtf wheel ; 
and in striking 3, an imperfection of nine or4en teeth; and 
yet both these hqurs are str^ick perfectly correct. The flies in 
clocks turn round at a mean, about six^ times for every knock 
of the hammer, but this turns round only three times for the 
same purpose: and suppose the pivots were of equal diameters, 
the influence of oil on them would be as the number of revo- 
lutions in each. It would be better for clocks if they gave 
no warning at all, but the snail piece to raise a weight some- 
what similar to the model Mr P. sent for the inspection of 
that respectable society. 

The striking' part of this clock is i^presented in fig. 499. 

A, the larger wheel, on the face of which are sunk or cut the six turns of 
a spiral. ^ 

B, the single worm screw, which acts on the above wheel, and moves the 
flyC. 

D, the spiral work of the wheel A. The black spots show the grooves 
into which the detents drop on striking^ the hour. 

£, the groove into which the locking piece F drops when it strikes 1, 
and from which place it proceeds to the outward parts of the spiral in the 
progressive hours, being thrown out by a lifting piece H at each hour; the 
upper detent G being pun4>ed off with the locking piece f, from the pins on 
the wheel A. 

In striking the hour of 12, the locking piece, having arrived at the outer 
spiral at H, rises up an inclined plane, and drops by its own weight into the 
Inner circle, in which the hour 1 is to be struck, and proceeds on in a pro- 
gressive motion through the different hours till it comes again to 12. 

I, the hammer-work made in the common way, which is worked by thir- 
teen pins on the face of the spiraL 

f'ig. 500, K, the thirteen pins on the face of the spiral, which work the 
hammer-work. ^ 

L, the outer pins which lock the detent. 

M, the pump spring to the detent. 

In the fourth fsentury, an artktt named James Dondi coHi- 
•tructed a elocfc fdr the city or Padua, which was long con- 
sidered as the wonder of the period. Besides indicating the 
hours, it represented the motions of the son, moon^ and pla- 
nets, as well as pointed out the different festivals of the year. 
On this account Dondi obtained the surname of Horologio, 
which became that of his posterity. A short time after, Wil«- 
liam Zelander constructed for the same city a clock still more 
Gompleit ; which was repaired in the sixteemh centory by Ja- 
nellin Turrianus, the mechanist of Charles V. 

Buttheclocks of the cathedrals of Strasburgb and of Lyons 
are much more celebrated. That of Strasburgh was the work 
of Conrad t)ayspodius, a mathematician of that city, who 
finished it about 1573. The face of the basement of this 
eloek eibibits three dial plates ; one of which is round, and 
consists of several concentric etrcles ; the t^o iiHerior 6iie§ of 
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vvhich perform their revolutions in a year, and serve to mark 
the days of the year, the festivals, and other circumstances of 
the calendar. The two lateral dial-plates are square, and serve 
to indicate the eclipses both of the sun and moon. 

Above the middle dial-plate, and in the attic space of the 
basement, the days of the week are represented by different 
divinities, supposed to preside over the planets from which 
their common appellations are derived. The divinity of the 
current day appears in a car rolling over the clouds, and at 
midnight retires to give place to the succeeding one. Befort 
the basement is seen a globe borne on the wings of a pelican, 
around which the sun and moon revolved; and which in that 
manner represented the motion of these planets, but this part 
of the machine, as well as several others, has been deranged 
for a long time. The ornamental turret, above this basement, 
exhibits chiefly a large dial in the form of an astrolabe, which 
shows the annual motion of the sun and moon through the 
ecliptic, the hours of the day, &c. The phases of the moon 
are seen also marked out on a particular dial-plate above. 
This work is remarkable also for a considerable assemblage 
of bells and figures, which perform different motions. Above 
the dial-plate last mentioned for example, the four ages of 
man are represented by symbolical figures : one passes every 
quarter of an hour, and marks the quarter by striking on soiall 
bells; these figures are followed by Death, who is expeUed 
by Jesus Christ risen from the grave : who, however, permits 
it to sound the hour, in order to warn man that time is on the 
wing. Two small angels perform movements also ; one strik- 
ing a bell with a sceptre, whilst the other turns an hour-glass 
at the expiration of an hour. In the last place, this work is 
decprated with various animals, which emitted sounds simi* 
lar to thek natural voices ; but none of them remain, except 
the cock, which crows immediately before the hour strikes, 
first stretching out its neck and clapping its wiags. Indeed it 
is to be regretted that a great part of this curious machine is 
now entirely deranged. 

The clock of the cathedral of Lyons is of less size than that 
of Strasburgh, but is not inferior to it in the variety of its 
movements ; it has the advantage also of being in a good con- 
dition. It is the work of Lippius be Basle, and was exceed- 
ingly well repaired in the last century by an ingenious clock- 
maket of Lyons, nc^ned Nourisson. Like that of Strasburgh, 
it exhibits, on different dial-plates, the annual and diurnal 
progress of the sun and moon, the days of the year, their 
length, and the whole calendar, civil as well as ecclesiastic. 
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The days of the week are indicated by symbols more analo* 
gous to the place where the clock is erected ; the hours are an- 
nounced by the crowing of a cock, three times repeated, after 
it has clapped its wings, and made various other movements. 
When the cock has done crowing, angels appear, who by strik- 
ing various bells, perform the air of a hymn ; the annunciation 
of the virgin is represented also by moving figures, and by the 
descent of a dove from the clouds ; and after this mechanical 
exhibition the hour strikes. On one of the sides of the clock 
is seen an oval dial-plate, where the hours and minutes are 
indicated by means of an index, which lengthens or contracts 
itself, according to the length of the semi-diameter of the 
ellipsis over which it moves. 

A very curious clock, the work of Martinet, a celebrated 
clock-maker of the seventeenth century, was formerly to be 
seen in the royal apartments at Versailles. Before it struck 
the hour, two cocks on the corner of a small edifice crowed 
alternately, clapping their wings ; soon ^fter; two lateral doors 
of the edifice opened, at which appeared two figures bearing 
cymbals, beat upon by a kind of guards with clubs. When 
these figures had retired, the centre door was thrown open, 
and a pedestal, supporting an equestrian statue of Louis XIV. 
issued from it, while a group of clouds separating, gave a 
passage to a figure of Fame, which came and hovered over 
the statue. An air was then performed by bells ; after which 
the two figures re-entered, the two guards raised up their 
clubs, which they had lowered as if out of respect to the 
presence of the king, and the hour was then struck. 

While, however, we have thought it right to describe these 
ingenious performances of foreign artists, we must not ne- 
glect to mention the equally ingenious workmanship of some 
of our own countrymen. We now refer to two clocks made 
by English artists as a present from the East India Company 
to the Emperor of China. These two clocks ar« in the form 
of chariots, in each of which a lady is placed in a fine attitude, 
leaning her right hand upon a part of the chariot, under which 
appears a clock of curious workmanship, little larger than a 
shilling, which strikes and repeats, and goes for eight days. 
Upon the lady's finger sits a bird, finely modelled and set 
with diamonds and rubies, with its wings expanded in a fly- 
ing posture, and which actually flutters for a considerable time 
by touching a diamond button below it ; the body of the bird, 
in which are contained the wheels that animate it as it were, 
18 less than the 16th part of an inch. The lady holds in her 
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left hand a golden tube, little thicker than a large pin, on 
the top of which is a small round box, to Which is fixed a 
circular ornament not larger than a sixpence, set with dia- 
monds, which goes round in or near three hours in constant 
regular motion. Over the lady's head is a double umbrella, 
supported by a small fluted pillar the size of a quill, and 
under the larger of which a bell is fixed, at a consider- 
able distance from the clock, with which it seems to have 
no connection, but from which a communication is secretly 
conveyed to a hammer that regularly strikes the hour, and 
repeats the same at pleasure, by touching a diamond button 
fixed to the clock below. At the feet of the lady is a golden 
dog. 

In a work like the present, however we may wish to pursue 
this interesting subject through its progressive steps of im- 
provement, and to do justice to the numerous scientific and 
ingenious men who have from time to time. effected those im- 
provements, we are compelled to confine ourselves within cer- 
tain limits, which preclude us from entering more fiilly into 
detail in this article ; we therefore refer such of our readers, 
who wish to pursue the subject, to the catalogue of writings 
in Dr Young's Natural Philosophy. 

We shall next proceed to give a description of the mecha- 
i^ism of an ordinary watch, and to annex thereto a useful set 
of tables, published originally by Mr W. Stirt. 

WATCHES. 

Figure 501 represents the interior works of an ordinary watch with the 
crown-wheel escapement, as they remain on the piUar-plate when the up- 
per part of the frame, shown by ^g. 505, is unpinned and removed; and fig. 
502, which is a section of the whole frame and its contents, shows the con- 
nection of all the parts, as though the calliper were in one ri&^ht line. These 
two figures, by having the same letters of reference, mutuaUy explain each 
other. The mainspring which actuates all the wheels and pillions, that are 
called, in one general tenn, the movement, is contained in the circular box, 
a, seen in the different views in the separate figs. 501, 502, and 508, in the 
last of which its parts are given in a detached state, viz. the box; the relax- 
ed spring immediately above Ipng in a spiral form; the arbor with its pin, 
on which the interior end of the spring is hooked, and the Kd through which 
the pivot of the arbor penetrates; this spring is forced into the box by a 
tool on purpose when it is strong; and then the exterior end is hooked to a 
pin in the circular edge of the box; so that if the box is made to turn round 
while the arbor is held fast, the spring begins to coil at the centre, and is 
thereby said to be wound up. The same effect would be produced if the 
box were held fiut, and the arbor only were turned; but in the latter cast 
the chain, which requires to be uncoUed from the spring-box as this spring 
IS wound up, would remain unmoved ; it is necessary therefore that the box 
be turned while the aH>or is at rest, which isthus^eeted: dne end of the chain 
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b made ftft to the tide of the 8pring>-box» and the other to the fuiee b, after 
being coiled several times round the circumference of the box ; then as the 
square end of the spring-box arbor is held by the small ratchet and click 
e, seen on the reversed face of the pillar-plate in fig. SOT, so that it cannot 
Eevolcy it is obvious that inserting a key on the square of the fusee arbor, 
and turning it in a proper directioi)» will wind the chain upon the spiral 
groove of Uie fusee, while it is unwound frpm the box; and during this 
operation the spring will be'colled up to the centre of the box, or put into its 
state of greatest tension for pulling the Anee back again . The rapid motion 
which the fusee would have in a retrograde direction when pulled by the 
whole force of the coiled spring, is prevented by the train of wheel- work and 
balance, thus: the great wheel d, is not fast to the thick end of the Aisee, as 
appears in the drawings, but carries a click and click-spring z, as seen in 
fig. 503, while the ratchet-wheel, seen in fig. 504> is made &st to the fusee ; 
the consequence of which contrivance is, that while a key applied to the 
fusee arbor winds up the watch and fills the fusee groove with the chun» 
until the guard driven by it catches the beak at the small end of the fusee, the 
click, in fig. 503, sUdes over the teeth of the ratchet in fig. 504, without acting 
on them, and ttras leaves the great wheel d at rest, in connection with the 
pinion e on the. centre or minute wheel arbor; but when the spring acts on 
the fusee in a contrary direction, the click attached to the great wheel is 
laid hold of by the teeth of the ratchet, which thus makes it fast to the end 
of the fusee; or in order words, until the spring wants winding up again» 
which usually happens once is 28 or 30 hours; but it is commonly wound 
up once in 24 hours more or less. The action of the great wheel d, on the 
pinion 6, is that of a long lever driving a short one; or this wheel may be 
said to act under a mechanical disadvantage, when an increase of velocity, 
but a loss of power* is esperienced by the pinion; again, on the same cen- 
tral arbor of &is pinion e is rivetted the centre wheel/, which revolves in an 
exact hour, as we shall see presently, and this wheel drives the pinion g^ 
on the arb6r of the third wheel A, also with a mechanical disadvantage, for 
the force it imparts to the pinion t, on the arbor of the contrate wheel, is 
a^n dimimshed in the ratio of the diameter of the wheel to that of ita 
pinion; thus the force of the mainspring is continually diminishing as it is 
transmitted through the train, and when the contrate wheel comes to be 
actuated, it has just force enough to drive the horizontal pinion on the 
balailce-wheel ^ so that the alternate impulse given by its teeth to the pal- 
lets of the balance verge are just sufficient to prepetuate the oscillation from 
right to left, under sdl the obstacles of friction, dirt, wear, and the air's 
resistance. It is a curious factthat the crown-wheel escapement, though the 
oldest that we know of, is still the most in use in common watches, probably 
firom the facility with which it is constructed; for certainly it is more under 
the influence of the irregularities of the mainspring's force than any other 
escapememt. The properties and action of this escapement have been 
minutely expbuned in page 78, vol. ii, of the article Escapement, with 
reference to fig. 523» to which explanation and figure we request our 
reader's attention. 

In order that the force applied to pallets of the verge at 
each oscillation may not sensibly vary, it was found necessary 
to equalize, as much as possible, the variable forces of the 
mainspring in its different states of tension ; and the most 
practical way of doing this has been found, to convert the 
cylinder on the arbor of the great wheel, which would have 



«4 THE OPERATIVE MECHANIC 

been proper for a gravitating body, used as a maintaining 
power, into a figure of a parabolic form, that is, into a solid, 
generated by the revolution of a parabola, in order that, as 
the force of the spring becomes greater by increased tension, 
its action on the great wheel might be lessened in a similar 
proportion, by a gradual decrease of the radius of the fusee, 
round which the chain is wound, to impart the force thus 
modified. Every separate spring, therefore, has not only its 
average force proportioned to the balance it is destined to 
actuate, when diminished by transmission through a given 
train, but requires its scale of varying forces to be nicely 
counteracted in every degree of tension by the shape of the 
fusee; and this is done by means of a tool, called a fusee ad- 
justing tool, which is nothing more than a lever with a sliding 
weight attached to the square end of the fusee arbor, as re- 
presented in fig. 509 ; for when the weight on the lever is an 
exact counterpoise to the force of the mainspring in every 
part of the successive revolutions of the fusee, a3 the spring is 
wound up by the lever instead of a key, then theshaps of the 
fusee is proper, but not otherwise. Hence, whenever a new 
mainspring is put to a watch, the fusee ought to be adjusted 
in the fusee engine according as the adjusting tool determines. 
The comparative forces of the spring at the extreme ends 
of the fusee may be adjusted by the small ratchet c, on the 
back of the pillar-plate in fig. 507, but when the spring is put 
to a suitable degree of tension to act well at botbextremities 
of the fusee, it must not b.e altered by the ratches^ click, but 
the intermediate forces must be equalized by a due shape 
given to the fusee. We have insisted the more on this part 
of the mechanism being attended to, because, as the primum 
mobile^ it is the basis of all other motions. The number of 
rounds that the spiral of the parabolic fusee may be cut into 
depends on the length of the pillars of the frame, or, which is 
the same thing, the shallowness of the watch. The French 
frequently leave out the fusee, and attempt to equalize the 
forces of the mainspring by tapering it ; and with detached 
escapements, this mode may sometimes answer tolerably, but 
with the crown-wheel escapement a fusee is indispensable. 
Again, the number of teeth in the great wheel,and in the cen- 
tre pinion, depends on the number of rounds in the spiral of 
the fusee. 

In a thirfy-hours' watch, with six turns of the fusee, the great wheel must 
hare ^^ or five times as many teeth as the centre pinions; so that if this has 
six leaves, the wheel must have 5 X 6 = 30 teeth; but if eig^ht, then 5 X 8 a 
40; if the spiral has seven turns, the g^eat wheel 48, and.the pinon 12> then the 
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time (Agoing will be ^ x fax 28 hotuhi; lOso, if there be 5) tloms oti Hw 
fusee, 50 teeth in the wheel, and 10 leaves in the pinion, the peried of 
going will be 27^ hours, or |^ X Si saS X ^ n2ri; but if 24 hourt onlj^ 
were required as the period, with six turns and a pinion of 12» the great, 
wheel would be required to have 48. 

Thu9 when an alteration is made in either the pihion, the 
wheel, or the turns in the fusee, a correspondidg variation 
may be made in the others, to produce the same period of 
going, but still the centre wheel revolves once in an hour. 
In the commonest watches the pinions have only six leaves 
6ach, which do not act so well as pinions of higher numbers ; 
but in the best watches, and in all chronometers, the leaves 
and teeth are more numerous. The pivot-holes, particularly 
of the verge and escapement arbor, have jewels for the pur- 
pose of diminishing the friction, in the best watches ; but de- 
tached and remontoire escapements are the best correctives 
of the unequal impulses given through the medium of the 
train in the different states of its foulness. 

The potence n>, and small or counter potence rh that hold the pivots of 
^e balance-wheel, are small cocks seen m fig. 502, both in their attached 
and detached states, and are screwed to the top or upper plate within the 
frame; but the springs, buttons, and joints of the case, are not exhibited, as 
forming no part of the movement. Fig. 505 represents the outer feice of the 
upper plate, with the balance j9, the cock o, and balance-spring «, called the 
pendulum-spring, from its having the properties of the pendulum; by means 
of this spring, not only is the regulation made steady, but the adjustment for 
time is effected. In every balance-spring there is a certain length, to be 
taken as the effective length, by which the going of the watch to which it is 
applied is limited to exact performance; and when thisleng^is determined 
by experiment, a pin is put in the stud that holds the exterior ends, as at^ 
in fig. 505, to prevent its being adtered; but as the variation of temperature 
will alter the momentum of the moving-balance, the effect thereby produced 
is a loss of time in the rate, in hot weather, and a gain in cold weather, by an 
alternate increase and decrease in the dimensions of the balance itself, as well 
as by some alteration in the spring. To remedy this defect, in an ordinary 
watch, the contrivance shown in fig. 506 is introduced; the wheel / is placed 
under the graduated circle r, seen in fig. S05, and a circular rack u, fig. 506, 
that holds the curb or slit-piece 5, seen in boUx figures, is moved by a sliding 
motion g^ven to it, when a key is applied to the squared arbor of the figure 
circle, and thus the effective length of the spiral spring is limited by the 
position of the curb 5? and according as the key is turned forwards or back- 
wards, towards the words ♦ fast' or * slow' engraved on the cock, the shorten- 
ed or lengthened spring alters the rate of going, till the proper length is 
found that suits the season in question. 

In Harrison's time-piece the curb was moved by an expan- 
sion-lever of two metals, that acted by means of the change 
of temperature ; but in the best chronometers of more recent 
dates, the compensating levers constitute the three portions 
into which the rim of the balance is divided, and the adjust- 
VOL. II.— I 
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ment for time, as well as compensatioD for temperature, are 
by means of heavy screws, which form a part of the moving 
balance. In these more perfect machines, the length of the 
spring, which is now made helical or cylindrical, is first 
determined such, that the long and short vibrations are per- 
formed in the same time, and this is called the isochronal 
lengths, which is not afterwards altered by subsequent ad- 
justments. 



The last portion of the watch which demands our explanation is the dial- 
work, for producing the hours and minutes; this will be easily understood 
by reference to figs. 502 and 507. Then the pinion called the cannon- 
pinion, seen near the minute-hand in fig. 502, is inserted on the arbor of 
the hour or centre wheel, to which it fits rather tight by friction, it revolves 
therewith in an hour, and receives the minute or hour-hand on its protruding 
squared end; then this pinion drives tlie whee^ x round a stud on the pillar- 
plate and with it a pinion w made fast to its centre; which pinion again 
drives a second wheel, t>, round the tube of the cannon-pinion in twelve 
hours; and to this the hour-hand is attached. This diminution of twelve 
revolutions from the cannon-pinion to the hour-wheel'might be effected by 
one pinion driving a single wheel of twelve times its number of teeth; but 
as the motion must be brought back to the centre of the dial ag^in, two 
more wheels, or a wheel and pinion, are necessary to be introduced, and 
these are therefore made a part of the tnun, and no large wheel or small 
pinion is wanted, for the ratio 12; 1 may be more conveniently obtained 
by two factors, viz. As : 1 and 3:1; thus, suppose the cannon-pinion 
to have 15 leaves, its wheel may have 4 X 15 =: 60 teeth for wheel a?. 



and if the wheel t; be the same, its pinion will be 



60 



: 20, and the train 



60 69 360 72 60 12 ,^ .u . t. .u • • n . 

15* ^ 20 '^ "so" ==*6* oi" 5~ = T o^ ^2 ; so that when the pmions are fixed 

upon for the dial work, the wheels are readily determined, and vice versa. 

The following Tables, somewhat differently arranged, were 
published by W. Stirt, an ingenious balance-wheel and fusee 
cutter. 

A TABLE OF TRAINS FOR WATCHES. 

Showing the Number of Turns on the Fusee and Teeth in the Balance- 
wheel, with the Beats in an Hour, and the number of Seconds in which 
the Contrate or Fourth Wheel revolves ; for the easy Timing of Watches 
by the Vibrations of the Pendulum. 



Oneth 


in the Baiance'Whed. 










Second wheel 58 6 Third wheel pin. 
Thuxi wheel 56 6 Contrate pin. 
Contrate wheel 54 6 Balance pin. 

Beats 14^616 in an hour .... 

Seconds 39i*o in which the 4th ? 
wheel revolves 5 


60 8 

56 7 

80 6 

14,400 

60 


60 6 

58 6 

52 6 

15,080 

37J 


60 6 

58 6 

56 6 

16,240 

m 


60 6 

60 6 

54 6 

16,200 

36 


60 6 

60 6 

60 6 

18,000 

36 


64 6 

60 6 

54 6 

17,280 

33} 


64 8 

60 8 

80 6 

14,400 

60 
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A Tabli of T&ixHs nw WATcnit continued. 



1 1 7Ve/A tn f A« Bataneerwhed. 



Second wheel 48 6 Third wheel pinion . 


64 6 


54 6 


66 7 


66 6 


66 6 


Third wheel 45 6 Contrate pinion . . 


46 6 


60 6 


46 6 


64 6 


66 6 


Contrate wheel 70 6 Balance pinion . . 


65 6 


60 6 


78 6 


64 6 


66 6 


Beats 16,400 in an hour 


16,087 


16,600 


17,160 


16,632 


17,567 


Seconds 60, in which the 4th wheel revolves 


63* 


48 


60 


42? 


4U 


68 6 


68 6 


68 6 


68 6 


68 7 


60 6 


60 6 


60 6 


60 6 


60 6 


60 6 


62 6 


64 6 


64 6 


66 6 


66 6 


60 6 


62 6 


64 6 


64 6 


64 6 


56 6 


62 6 


62 6 


64 6 


64 6 


66 6 


52 6 


62 6 


60 6 


62 6 


64 6 


62 6 


15,973 


16,688 


17,226 


17,817 


16,879 


15,888 


16,620 


16,600 


17,160 


17,820 


17,477 


42i 


41* 


41i 


89f 


64* 


43 


41* 


40 


40 


40 


39 


60 6 


60 7 


60 8 


60 8 


60 6 


60 8 


60 7 


62 6 


62 7 


63 6 


63 6 


66 6 


56 6 


66 7 


66 7 


60 6 


60 6 


60 7 


64 6 


68 6 


64 6 


66 7 


60 6 


66 6 


74 6 


78 6 


48 6 


66 6 


60 6 


62 6 


62 6 


60 6 


66 6 


17,111 


16,426 


16,280 


17,160 


17,663 


16,400 


16,163 


17,936 


16,324 


17,326 


17,248 


88i 


40 


60 


60 


36 


48 


49 


38i 


46 


38 


42| 


64 6 


64 6 


66 7 


70 8 


70 7 


72 8 


72 7 


80 8, 


76 10 


72 9 


72 9 


60 6 


62 6 


62 7 


64 7 


63 7 


63 7 


64 7 


72 8 


72 9 


66 8 


60 8 


60 6 


52 6 


69 7 


68 6 


68 7 


64 6 


68 7 


68 8 


66 8 


60 6 


54 6 


16,296 


17,626 


16,260 


16,830 


16,408 


16,035 


17,142 


16,830 


13.200 


13,200 


11,880 


40i 


39 


43J 


63J 


40 


44i 


38J 


40 


60 


66 


60 
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Second wheel 43 6 Third wheel pinion . 


48 6 62 6 


64 6 


64 6 


64 6 


Third wheel 46 6 Contrate pinion . . 


46 6 62 6 


60 6 


52 6 


52 6 


Contrate wheel 66 6 Balance pinion . . 


68 6 


52 6 


60 6 


48 6 


60 6 


Beats 17,160 in an hour 


17,680 


16,925 


16,274 


16,224 


16.900 


Seconds 60, in which the 4th wheel revolves 


60 


46* 


48 


46 


46 


64 6 


54 6 


66 6 


56 7 


56 6 


66 6 


56 6 


56 6 


56 6 


58 6 


58 6 


62 6 


62 6 


51 6 


45 6 


50 6 


60 6 


52 6 


52 6 


64 6 


48 6 


60 6 


51 6 


62 6 


51 6 


66 6 


50 6 


61 6 


48 6 


60 6 


49 6 


52 6 


50 6 


17.238 


17,676 


17,219 


17,160 


16,861 


17,188 


16,824 


17,626 


17,836 


17,426 


17,458 


46 


46 


46i 


60 


46* 


46* 


44* 


44* 


42| 


461 


44S 


60 6 


60 8 


60 6 


60 6 


60 7 


60 6 


60 7 


60 8 


60 7 


60 8 


60 6 


48 6 


48 6 


60 6 


60 6 


64 6 


64 8 


66 7 


56 7 


68 7 


68 6 


60 7 


48 6 


66 6 


46 6 


48 6 


62 6 


60 6 


56 6 


66 6 


66 6 


66 6 


48 6 


16,640 


17,160 


16,611 


17,333 


17,382 


17,560 


16,640 


17,160 


17,234 


17,593 


17,828 


46 


60 


43 


43 


46^ 


64 


62* 


60 


60J 


49* 


42 


60 8 


60 6 


62 7 


63 7 


63 7 


64 7 


64 7 


64 8 


64 8 


65 7 


70 8 


60 6 


60 7 


66 7 


62 6 


60 7 


52 6 


60 7 


60 8 


64 8 


62 7 


60 7 


54 6 


56 7 


56 6 


61 6 


60 7 


50 6 


60 7 


66 6 


72 7 


58 7 


62 6 


17,560 


17,828 


17,194 


17,238 


17,191 


17,168 


17,464 


17,160 


17,116 


17,717 


16,900 


48 


42 


50i 


46i 


46S 


46 


45J 


60 


56i 


43* 


48 


70 8 


72 8 


72 8 


74 8 


74 8 


76 10 


76 10 


80 10 


96 12 


96 12 


90 10 


66 8 


62 6 


70 8 


64 8 


68 8 


72 9 


72 9 


60 8 


76 10 


75 10 


90 10 


64 7 


62 6 


68 8 


63 7 


68 8 


70 7 


72 9 


60 8 


80 8 


88 8 


90 10 


17,160 


16,673 


17,408 


17,316 


17,400 


15,600 


12.480 


16,600 


16,600 


17.166 18,9641 


60 


44J 


62* 


48? 


60 


60 


60 


60 


60 


60 44* 
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A T^BLs ov T&uirs fob Watcbbi continued, 
15 Tieth in the Bahmee-wlueL 



Second wheel 48 6 Third wheel pinion . 


48 6 


48 6 


54 6 


54 6 


54 6 


Third wheel 46 6 Contrate pinion . . 


45 6 


45 6 


48 6 


48 6 


48 6 


Contrate wheel 64 6 Balance pinion . . 


68 6 


60 6 


46 6 


48 6 


64 8 


Beats 16,200 in an hour 


17,400 


18,000 


16,560 


17,280 


17,280 


Seconds 60, in which the 4th wheel revolves 


60 


60 


50 


50 


60 


646 


66 7 


56 7 


56 7 


66 6 


66 7 


68 6 


58 6 


60 8 


60 8 


60 8 


60 6 


46 6 


45 6 


45 6 


48 6 


60 8 


48 6 


60 8 


48 6 


48 6 


66 7 


48 6 


66 6 


58 6 


60 6 


46 6 


60 6 


46 6 


68 6 


58 6 


60 6 


48 6 


18,000 


16,800 


17,400 


18,000 17,173 


18,600 


17,786 


17,520 


17,400 


18,000 


14,400 


48 


60 


60 


60 1 48 


60 


46} 


69i 


60 


60 


60 


60 8 


60 7 


60 8 


60 8 


60 8 


60 6 


60 6 


60 6 


60 6 


60 IQ 


60 6 


5^ 7 


56 7 


56 7 


56 7 


66 7 


60 8 


60 10 


60 8 


60 10 


60 6 


60 10 


66 7 


58 7 


58 6 


60 6 


60 7 


48 6 


48 6 


66 7 


58 6 


60 6 


64 8 


14,400 


17,044 


17,400 


18,000 ,16,386 


18,000 


14,400 


18,000 


17.400 


18,000 


14,400 


60 


52^ 


60 


60 1 60 


48 


60 


48 


60 


60 


60 


60 8 


60 8 


62 8 


63 7 


63 7 


64 8 


64 8 


64 8 


64 6 


63 7 


70 6 


64 8 


64 8 


60 8 


54 7 


56 7 


45 6 


60 8 


60 8 


60 10 


66 7 


60 10 


^^ 7 


70 7 


60 6 


50 6 


56 7 


56 6 


58 6 


60 6 


70 8 


66 7 


48 6 


16,971 


18,000 


17,437 


17,356 17,280 


16,800 


17,400 


18,000 


16.800 


17,828 


16,800 


60 


60 


61S 


61J 1 60 


60 


60 


60 


56i 


48i 


61* 


70 7 


70 8 


70 8 


70 10 72 6 


72 8 


72 8 


72 8 


72 8 


75 8 


81 9 


60 10 


64 8 


64 8 


66 8 60 10 


64 8 


64 8 


64 8 


65 8 


64 8 


72 9 


70 7 


60 6 


68 7 


60 6 48 6 


50 6 


54 7 


64 8 


64 8 


64 8 


72 9 


18,000 


17,600 


17.400 


17,062 17,280 


18,000 


16,662 


17,280 


17,660 


18,0Q0 


17,280 


60 


61* 


51* 


56} 1 50 


50 


60 


[ 60 


49 


48 


50 
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Second wheel 48 6 Third wheel pinion . 




"■56 7 


60 8 


64 8 


Third wheel 45 6 Contrate pinion . . 


, , 


.46 6 


66 7 


60 8 


Contrate wheel 60 6 Balance pinion . . 


, 


68 6 


62 6 


60 7 


Beats 17,000 in an hour 






18,020 
60 


17,828 
60 


17,486 

60 


Seconds 60, in which the 4th wheel revolves . 


G.W. S.W.P. T.N.S. 


G,W. 8.W.P. 


T.N.S. 


G.W. B.W.P. 1 


^N.8. 


48 10 6} 


60 10 


6 


56 12 


6? 


60 10 6 


62 10 


^ 


66 12 


62 10 6j 


64 10 


43 


63 12 


H 


64 10 6| 


48 12 


n 


60 12 


6 


66 10 6i. 
66 10 6}^ 


60 12 


7j 

^4% 


62 12 


H 


62 12 


64 12 


6i 


68 10 61 


64 12 


e 







If we divide double the product of all the four wheels by the product of 
all the three pinions, the quotient will be the number of beats, as g^ven in 
any of the trams cpntuned in this table; also, if we take the second and third 
wheels, and their pinions respectively, as a compound fraction of an hour, 
they will pive the seconds in which the contrate wheel, attached to the latter 



pinion, will revolve; thus, of 



^ of ^ of 60m , 



I im or 60«, which numbers 
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are Gomequently proper for a watch that indicates the seconds ; and if the 
beats be 18^000 or 14,400» there will be five or four beats respectively in a 
second, which are the best trains for measuring fractional parts of a second. 

CHRONOMETERS. 

Chronometers diflfer from an ordinary watch, principally 
in the escapement and balance. These machines deserve more 
than usual attention, as well from their practical utility in na- 
vigation, as from the principles on which they are constructed, 
in which the irregular forces both of impulse and resist- 
ance are greatly diminished by the exactness of form and di- 
mension. 

^ In the reign of queen Anne, the British parliament passed 
an act, offering a reward of 10,0001. for any method of 
determining the longitude within the accuracy of one degree 
of a great circle; of 16,000?. within the limit of forty geo- 
graphical miles; and of 20,000i. within the limit of thirty such 
miles, or half of a degree ; provided such method should ex- 
tend more than eighty miles from the coast. The hope of 
obtaining this reward stimulated a watch-maker named Har- 
rison to be indefatigable in his endeavours to effect the re- 
quired improvement, which eventually led him to apply the 
principle of the opposite expansions of different metals to a 
watch toeffectaself-regulating curb, for limiting the effective 
length of the spiral pendulum-spring to correspond to the 
successive changes of heat and cold, which changes were now 
known to alter the force of this spring, and the momentum 
of the balance. 

After Harrison had by his industry and perseverance ob- 
tained the large reward, the act was repealed, and another 
substituted, offering separate rewards to any person who 
should invent a practicable method of determining, within 
circumscribed limits, the longitude of a ship at sea ; for a 
time-keeper, the reward held forth to the public is 50002. for 
determining the longitude to or within one degree; 7,500/. 
for determining the same to forty geographical miles ; and 
10,0002. for a determination at or within half a degree. This 
act, notwithstanding its abridged limits and diminished re- 
ward, has produced several candidates ; of whom Mudge, the 
two Arnolds, and Earnshaw, have had their labours crowned 
with partial success. 

Although, in respect to Mudge's time-keeper, great ex- 
pectations were at first raised, it has, from the complexity 
of the machinery, and consequent expense attendant upon 
making it, gradually fallen into disrepute, and is now^ seldom 
or ever made. Such of our readers who wish to see its 
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manner of construction and performance, we must refer to 
" The Description of Mr Mudge's Time-keeper," published 
in 1799, by Thomas Mudge, jun. 

The chronometer we purpose to lay before our readers is 
that constructed by Mr Earnshaw, as we are strongly dispon- 
ed to conclude, from various documents we have seen, and 
from the similarity so evident in the construction of the es- 
capement, that Mr Arnold derived the knowledge of his prin- 
ciple from Mr Earnshaw. 

In MrEarnshaw's chronometer the escapement is detached, 
which is the best for the equal measurement of time, because 
the vibrations of the balance are free from the friction of the 
wheels,exceptingaboutone-twelfthpartofthe circle, while the 
scape-wheel is acting on the pallet to keep up the motion of 
the balance, which is done with considerably more power and 
less friction than by any other escapement, as it receives but 
one blow from the wheel, whilst other escapements receive two; 
it has also an equal advantage of the same quickness of train, 
and when the impulse is given to the balance by the wheel, it 
is given in a similar direction, and not in opposition, as most 
escapements arc which produce a recoil. 

The pivots of the balance-axis should be the 
size of the verge pivots of a good sized pocket- 
watch, and of the annexed shape, which will greatly 
add to their strength, the extreme end, or acting 
part, only being straight ; the jewel-hole should 
as shallow as possible, so as not to endanger cutting 
the pivot, and the part of the action of the hole made quite 
back, with only a very shallow chamber behind to retain the 
oil ; deep holes are very bad, for when the oil becomes 
glutinous, it will make the pivots stick, so as to prevent the 
balance from its usual vibration. The pallet should be half 
the diameter of the wheel, or a little larger, for if smaller, or 
one-fourth the diameter, as is the case in Arnold's, the 
wheel, will have too much action on it, which will increase 
friction most considerably, and likewise cause the balance to 
swing so much farther to clear the wheel ; consequently, 
a check in the motion of the balance may stop the watch, 
and cause time-keepers so constructed to stop. The face of 
the pallet should run in a line of equal distance between the 
centre of the pallet and its extremity, and not in a right line 
to its centre, as this causes an increase of friction, and a loss 
of that power which is obtained by the wheel, acting on the 
extremity of the pallet. The scape-wheel teeth should form 
the same direction as the face of the pallet, under-cut for 
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the purpose of avoiding friction, and maintaining the power, 
and for safe unlocking. The points of the wheel-teeth must 
not be rounded off, but left as sharp as possible. The pivots 
of the scape-wheel are to be very little larger than the ba- 
lance-pivots. 

The wheel is locked by a spring, instead of a detent with 
pivots, as the French have made them ; for those pivots must 
have oil, and when the oil thickens, the spring of the pivot- 
detents become so affected by it, as to prevent the detent from 
falling into the wheel quick enough, which causes irregular 
time, and ultimately a stoppage of the watch. 

When the spring is planted on the side of the wheel, the 
part on which the wheel rests should be a little short of a 
right angle, so that the wheel may have a tendency to draw 
the spring into it; for if sloped the other way, or beyond 
a right angle, it will have a tendency to push the spring out, 
in which case the wheel will have liberty to run. The wheel 
should take no more hold on the spring than just sufficient 
to stop it, otherwise the friction will be increased. The 
small return-spring should be as thin as possible at the end 
fastened to the other spring, but at the outer end a little 
thicker ; the spring should be planted down as close to the 
wheel as to be just free of it : the discharging pallet about 
one-third, or near one-half the size ' of the large or main 
pallet, the face of it in a right line to the centre, the back of 
it a little rounding off from the centre. Great care must 
be used in taking off the edges of this discharging piece to 
make it round, to prevent cutting the spring, nor can it be 
made too thin, provided it does not cut ; the end of it nearest 
the balance should be a little more out from the centre of the 
balance-axis than the lower part of it towards the potence, 
for counteracting the natural tendency of the spring down- 
wards from the pressure of the scape- wheel ; and that part of 
the spring on which the wheel rests should be sloped a little 
dow n, togive the wheel a tendency to force it up, to counter- 
act the natural inclination which the wheel has to draw it 
down by its pressure on it. 

The balance is to be made of the best steel, and turned from 
its own centre to the proper size, and then put into a crucible 
with as much of the best brass as will, when melted, cover it. 
The brass will adhere to the steel, and when set, is to be 
turned to its proper thickness, and hollowed out, so as to 
leave the steel rim about the thickness of arepeating-spring 
to a small sized repeating watch. The brass is to be turned 
to near twice or three times the thickness of the steel ; cross 
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it out with only one arm straight across the centre, and at 
each end of the arm fix two screws, opposite to each other, 
through the rim of the balance, to regulate the watch to time. 
The diameter of the heads of these screws must be about 
equal to the thickness of th^e balance, a little more or less is 
not material. The compensation weights should be made of 
the best brass, and well hammered, and a groove turned to let 
the rim of the balance into it : this should be cut into four- 
teen equal parts, which will leave seven pair of pieces of equal 
size and weight, one of which pair, being screwed on the 
rim of the balance at equal distances, will produce an equili- 
brium. In makiog balances, great care must be taken that they 
get no bruisesor bendings; for if a bruise be made on one side 
so as to indent the metal, that part will be less affected by the 
atmospheric agency of heat and cold than those parts whose 
pores have not been closed by the same violence. 

Balances are likewise spoiled by bending the compensation- 
pieces, as bending cracks and destroys the compact body of 
the metal. The soldering up these cracks with a metal very 
different in expansion to the metal cracked is hurtful, as it is 
not then possible to bend the compensation-pieces into a true 
circle, in which case they form so many parts of different cir- 
cles, that nothing regular can be produced. 

To adjust the balance in heat and cold, put the watch into 
about 85 or 90 degrees of heat by the common thermometer, 
mark down exactly how muchitgainsor loses in twelve hours, 
then put it into as severe a cold as you can get for twelve hours ; 
and if it gain one minute more in twelve hours in cold than 
in heat, move the compensation-weights farther from the arm 
of the balance about one-eighth of an inch; and if it gain one 
minute more in twelve hours in heat than in cold, move the 
weights one-eighth of an inch nearer to the arm of the balance, 
and so on in like proportion, trying it again and again, till you 
find the watch go the same in whatever change of heat or cold 
you put it in. 

Mr Earnshaw has found out a method of obviating the 
difficulties attendant in making time-keepers go nearly the 
same in whatever position they might be put. It merely 
consists in having the balance-spring well and properly made ; 
but if the spring be made as hereafter described, it only re- 
quires that the balance should be of equal weight, and it will 
go, within a few seconds per day, in all positions alike; and 
if it vibrate not more than li circle, will, by applying a 
small weight to that part of the balance which is downwards 
when in the position that it loses most, correct it with great 
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accuracy. If it vibratd moi^ than If circle, il wiir require 
the weight to be above, instead of below ; and after the watch 
has been going a few months, and its vibrations shorten to 
If circle, it will go worse and worse by reason of the weight 
being in the wrong place ; tberefoie, to avoid this evil, it is 
absohiteljr necessary to confiiie the vibrations to If circlci 
which will produce the most steady performance. 

The greatest difficult with which Mr Eamshaw had to 
contend in the construction of his chronometers was, to find 
out the invisible properties of that apparent simple part of the 
machine, calledt he balance-spring. He found, in reasoning 
on bodies^ that watch-springs, when kept constantly in mo- 
tion, relax and tire like the human frame. In proof of tUs, 
let a watch, that has been going a few months, go down; let 
it remain down for a week or two, and then set it going, when 
it will, if it be a good time-keeper, and not affected by the 
weather, go some few second per day faster than it did when 
it was let down ; but it will again lose its quickness in a 

f gradual manner, gaining less and less till it comes to its 
brmer rate. Fmding, therefore, that isochronal springs 
wouldTnot do, and having made springs of such shape af 
would render long and short vibrations equal in time, aed 
which constantly lost the longer the watqh went, Mr Eam- 
shaw made them of such shape as to gain in short vibra- 
tions about five or six secdhds per day more than the long 
ones, which quantity could only be found by long experi- 
ence ; and the way he adopted to prove this, was to try the 
rate of the watch with the balance vibrating about one-third 
of a circle, then tried its rate vibrating If circle ; and if the 
short vibrations went slower than the long ones, he found 
that the watch would lose in its rate ; and if equaJ, it would 
likewise lose, but that only from relaxation ; he found also, 
if it gain in the short vibrations more than five or six seconds 
in twenty-four hours, it will in the long run gain on its rate ; 
but if not more than that quantity, and the time-keeper k 
perfect in heat and cold in every other part, the above pro- 
perties will render it deserving the name of a perfect time- 
keeper. Mr Eamshaw found the common relaxation of 
balance-springs to be about five or six seconds per day on 
their rates in the course of a year; therefore, Ji the short 
vibrations are made by the shape of the spring to go about 
that quantity faster than the long ones, and as the spring 
relaxes in going by time, so the watch accumulates in dirt 
and thickening of the oil, which shortens the vibrations, the 
Vol. il— K 
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short ones then being quicker, compensated for the erit of 
relaxation of the balance-spring. 

Having thus given our readers Mr Earnshaw's prefatory 
observations to the Board of Longitude, we shall, in the next 
place, proceed to giare a general description oS the diflfefeni 
parts of his chronometer. 

Fig. 4>10 represents the tlme-kteper put together. 

Fig. 511, the piUar-plate fiiom which the cailiper may be taken; a, the 
height of the pillars. 

Fig. 51:2, the barrel and main^iprii^; b, side view of the barrel. 

Fi^. 513,, tl^e fiisee and mat wheH, with ratchet to keep it goiog whilst 
winding up} c, side Yiew of fusee. 

Fig. 514, second wheel and pinion^ d* side;iriew of second wheel. 
• Fig. Sl5, third wheel and pinion; e, side view of it. 

Fig; 516, fourth wheel and pinion; f, side ^viem of4t, - 

Fig. 517 represents the upper plate, witii the escapement on it, from 
which the caUiper may be taken. In this figure the draftsman has not placed 
the pallet near enough the wheel; but this is of no consequence, as a proper 
and exact draft of the escapement on a much larger scale is g^yen in fig. 522; 
^e escapement, theref(H'e» is to be understood fix)m that figure; tlus only 
shows the sizes of the wheels. 

Fig. 518 represents a side view of the scape-spring which locks the wheeL 

Fig. 519, one of tiie brass weights to be fixed on the lim qf the balaaee 
for t£e compensation for heat and cold; g, the groove cut in it to cecm^e 
libft rim of the balance* The Am of the balance is cut through in^two places 
in opposite directions^, as in fig. 510, and two of these weights are to be 
placed on the balanee»rim, at equal distances, as there represented, and 
fastened by the screw as at h. These weights are to h% rooved backwu^ 
OQ forwards on the rim of the balance, to ftake the watch gQ faster ot slower 
in heat pr in cold, as by trial may be found necessary^ , 

Fig. 520 is a side view of said brass weights; A:,, the groove to receive the 
rim of the balance; its depth shows the breadth for balance-ring. 

Fig. 521, the cylindrical: batence^spring. The only advantage attending 
the cylindrical shape is, thatit iseather easier made, beiog % saving of about 
one hour of time; for if the real body or form of the spring be like the shape 
of the stem of a feather, or common writing quill, it is of no consequence 
whether it be turned into a spirit or cylincSical figure. 

The model; &om which tke four following figm^s w«re taken, eontains» 
besides the4>aiis necessary to expkun the natui^of the escapement, a box 
enclosinga spring, which, when wound up, communicates, by means of some 
more wheels, a force to the balance-wheel sufficient, when the balance i^ put 
in motion, to keep it inaction for some time. These wheels^ are contsdned 
between two brass plates, fasten^ together by four upright pillars. The 
uppermost of these plates is tl^at which is represented in fig^ 522, where 
P Q R S are the four screws that take into the heads of the four piUars abov^ 
mentioned, and connect it to the remaining part <^the model. The plate?P 
Q.R S contiu^, however, the whole of the parts necesawy for the present 
purpose. The side of this plate represented to view, is tiie undermost when 
fixed in the model; so that the fig^e represents this plate as taken odBT, with 
the side next to the balance laid upon a table, and the eye is supposed to be 
placed perpendicularly over it. 

In t^ plate P Q R a i» an opemng, or a pieoe taken out> represented by 
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T U W S T ?. Tn \h\i opMiihg ^e balance-wheel A B C D, pallet K 8 K, 
and part of die balance U V, are seen. The balance-wheel is supported by 
two pieces of brass, O N H, O I; the piece O N H is screwed to the side of 
the plate nearest to view % a fttrong sci<ew, V, and made firm by small 
^s, represented by «• *r *r # jr «•; these pim are called steady-pins; they 
are riretted fast into the sopportiiig-piece O H, uid take ittto hoiea in the 
plate P Q R S, made exactly to fit ttiem. The part O N of tMs vupportinf^ 
piece is supposed to be raised above the part O H by a johit •r bend at Ns 
the other supporting-piece O I is/astened to the opposite si^ <tf the plaite; 
and between these two pieces the balance-whtfel tarns freely and steadily 
in the (Erection of the letters A B€ D. The small wheel M S K £s called 
the large p^U^t; it is a cylindrical piece of steel, having a notch or piece 
cut out of it at / A if against the side of this notch is a square, flat piece of 
ruby, or any htfd stone, h /, ground and perished very smooth, and fixed 
mto the pallet Tht cylinder is so placed, with respect to the balance- 
wheel^ that it may not be more than j ust clear of two ai^ining teeth. E F 
is a hm^, thin spring, which is made fast at one end, by being pinned int^ 
a stud G, and niade to bear gently against the head of an adjusting sorew* 
mf the other end is bent a litUe in the form of a book; to tUs spring there 
is fixed another very slender spring at y, which projects to a small distanoe 
beyond it. This small spring lies on the side of Ihe thick spring nearest to 
&e balance-wheel. The adjusting screw m takes into a small brass cock at 
«/>, which is serewed fiwt to the upper plate by a strong screw. Upon the 
spring E F there is fixed a semi-cylindrical pin, which stands up perpendi- 
cularly upon It, and of a sufficient length to ftU between the teeth of the 
balance^heel A B C t). This pin is called tiie lockhig-pallet, and is placed 
on the opposite side of the ipring represented to view. Through thacentre 
of the cylktdrical pallet M 8 K, a irttongsfeel axis passes, called Hie rerg^e; 
the pallet is made fast to this axis> which also passds tltt«mgh the centre of 
the balance^ and is made fast to it^ it has two fine pivots at its extremities, 
upon which it turns very freely, between two firm supporting pieces of brass, 
screwed firmly, and made as permanent as possible, by steady-pins« to the 
principal plate. A little above the eylindrieal pallet M S K, is fixed a small 
cylindrical piece of steel, t n, having a^aall part projecting out at t, through 
which the verg^ also passes; this is called the liftbig-pallte^ and is from ohe- 
tWrd to .half the diameter of tfie large pallet; it fixes upon the verge like a 
collar, and is made fast by a twist, so as to be set ia any piMition wim respect 
to the large pallet M S K. The end E G of the long spring B F being mad« 
very slender, if a small force be applied at the point o to presithat end out 
from the wheel A B C D, it yields easily in that direction, tutning, as it were^ 
upon a ctntre at G| it is also made to slide in a groove mflrie in this stud, iii 
such a manner that tiie ^d o may be pliced at any required distance from 
the centre of the verge. 

Havii^ described the sevcr^ p«ts as they appear in the figure, we next 
come to their situation <5fr connectfon with respect to each other. Let the long 
spring £ F be supposed to be sd planed that the end of the slender spring ^ t 
may project a little way over the point of the lifting*pallet t n, but not so 
close but that the point of the pallet may pass by the hooked end of the 
Bprkig E F without touching it; the head of the adjusting-screw m is also 
supposed to bear gently on the intiersideof thesaid springE F, <5r that nearest 
to the wheel, and at the same ^ne the locking-pallet is so placed, that one of 
the teeth, D, of the balance-wheel, may just take hold of it. This pallet is 
not visible in its'proper place in the figure, being covered from sight by the 
screw m, andpart of the spring B F; its posi^on is therefore represented by 
the dot k, on the opposite side df the wheel, having the too^ A just bearing 
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Up aglunft it. From tbe above description of the several parts of the 69* 
caperoent, and their connection with each other, it will b^ easy to see the 
node of its action, which it as follows^ 

A force being 8upp>8ed to be applied to the balance-wheel, so, as to cause 
it to move round in the direction of the letters A B C D, one of the teeth* na 
D, win come agunst the lockine-paHet, (as represented at A, and the lock- 
ing pallet 1^ kT) The wheel is then said to be locked, being prevlented from 
being moYOil forward by this pin. Let the balance be now supposed to 
Kst m its qmiefcent position, and it will have the situation represented in 
the Agare\ the lifting point i of the pallet t n will be just clear of the pro- 
jecting end of the slender Ipring, the face, h I, of the large pallet M S K will 
fall A little below the point of the tooth 1), and the balance, having its spiral 
or helical, (meaning cjr^drical,) spring applied to it, remains perfectly at 
. rest in this poaitioiv Now, as the balance, and the two pallets M S R and 
' i n, are fixed to the verge, it is plain they must all move together, let^ there- 
fore, the balance b« earned a httle way round in the direction of the Letters 
M S K: by this motion, the end t of the lifting pallet i n wiH be brought to 
pres9 up against the proiectiag end of the slender spring, and as this spring 
IS fixed on the side of the spring E F, nearest to the balance-wheel, the 
point t will press the two springs together out of the balance-wheels; then» 
as eidy the point of the tooth D, (see its position &t k,) touches the locking- 
pallet when the spring E F was at rest against the head of the screw m, it. 
will, by the spring bemg pressed out from the tooth, have slipped ofT; (for 
the locking-p«Ule^ which was before supposed at k^ will now be ato, clear 
of the tooth A of the balance-wheel;) the wheel being now at liberty, will 
move round by the force wpposed to be applied to it; but as the pomt t of 
the lifUng-pallet moves on and presses out the ^ring, the point, /, of the 
large pallet approaches towards the point of the tooth B of the balance- 
wheel, so ^% ivhen the spring E F is sufficiently pushed but to unlock the 
\d)ee1, th% point / of the large pallet will be gfot to <^ and in this position 
the point of the tooth B of the balance-wheel will fall upon it, at the same 
time tiie point of the tooth D has just dropped off from the locking-pallet 
mj the force of the wheel, being by this means applied to the top of the 
pallet h If g^ves an increased momentum to the balance, and assists it in its 
motion in the same direetion, and by the continued motion of the large 
pallet in the direction M S K, the point of the tooth B, which keeps pressing 
and uiging it fonMud, moves up towards the bottom of the face of the pallet 
towaros h^ until the plain flat surfitces of the tooth and pallet come into 
contact; by this time the end o of the slender spring has dropped off from 
the point i of tte liftin|^-pfl!Uet, and the two springy have returned again 
into their quiescent position, the spring E F gently bearing against the head 
of the adjusting screw, m, and the Aockii^pallet, in a position to receive the 
next tooth, C, of the balance-wheel* When the two surfiioes of the tooth 
and pallet are thus in contact, the gteatestfoirce of the wheel is exeried upon 
the pallet, and of course upon the balance moving with it The tooth still 
presnn^ against the face of the pallet, and the pallet moving in the direction 
M S K, it at last drops off, leaving tiie balance at perfect liberty to move 
on in the same direction in which it was going. Just aai-the point of the 
tooth B, which has been pressing the large pallet round, is ready to leave 
it, the next tooth, C, of the wheel is almost in contact with the locking- 
pallet m, so that the instant the tooth B drops off, tbe wheel is again locked, 
and the action of that tooth on the balance is finished. As the balance 
moves with the greatest freedom upon its pivots, the force of the tooth has 
j^ven it a considerable velocity, so that the balance still keeps moving on 
in the same direction, after the pressure of the tooth is removed by slipping 
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off from the pallist, until the force of the pendiiKiin«spring^, (whiob is not 
represented in the figure,) being continually increased by being wound up, 
•vercomes the momentuBl of the balance, which for ui instant of time is 
then stationary, but immediately returns by the action of the pendulum 
springy, which exerts *. considerable force upon it in un^ndrog itself. As 
' the balance returns, the point t, of the lifting-pallet ti», passes Dy the tnds 
of two springs £ F and Y^O, and, in passing by, puiiies the projecting^tpd o 
of the slender spring in towards the balance-wheel» until it has passeti it| 
alter this, the projecting end o again returns, and applies itself close to the 
hooked end of the spring £ F as before. The spring y o is made so lender 
that it g^ves but little resistance to the balance, duitog the tisK the point i 
of itkk lifting-pallet is passing it, and of course causes lut little, if any, de- 
crease in its momentum. During the time the point t of the lifting-pallet 
is passing in the smaU spring y o, the long spring £ F remains steadily 
bearing against the head of the adjusting-screw m, as the hooked end at o 
just lets the end of the lifting^pallet pass by without touching it. As the 
spring has now been continually acting upon the balance, from the extrtmity 
of its vibration, in the direction M S K, it has giren it the g^atest velocity- 
when the point i of the lifting-pallet is passing the end o of the slender 
springs for ^^ ^> instant the spring which was wound up by the contrary 
clireotion of the balance, is now unwound again, or in the same state as it 
vas in its quiescent position at first, and of course has no effect at all upon 
the balance in either direction; but the balance, having now all th^ velocity 
it would acquire from the unwinding the spring, gt>es on in the direction' 
S M K until the force of thb spring again stfl^s It, and brings it hack again^ 
moving in the same direction as at first, with a consideraUe velocity. By^ 
this return of the balance, the point t of the lifraag^pallet comes up ag^in to 
the projectmg end o of the slender spring, pushes back the long spring £ F, 
and unlocks the wheel; and another tootii falling upm the face of the pallet 
h I, gives fresh energy to the balance; and thus the action is carried on as 
before. 

ESCAPEMENT, OR 'SCAPEMENT. 

The motions of a clock or watch are regained by a pen- 
dulum or balance, which serves as a check, without which, 
the wheels impelled by the weight in the clock, or spring in 
the watch, would run round with a rapidly accelerating mo- 
tion, till this should be rendered uniform by friction, and the 
resistance of the air ; if, however, a pendulum or balance be 
put in the way of this motion, in such manner that only one 
tooth of a wheel can pass, the revolutions of the wheel will 
depend on the vibration of the pendulum or balance. 

We know that the motion of the pendulum or balance is al- 
ternate, while the pessure of the wheels is constantly exerted 
Ul tUe same direction. Hence it is evident that some means 
most be employed to tfecommodate these different motions to 
each other. Now, when a tooth of the wheel has given the 
p&idulum or balance a motion in one direction, it must quit 
it, that the pendulum or balance may receive an impulsion in 
the opposite direction. This escaping of the tooth has given 
rise to the term escapement. 
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Tbe ordinary 'scapement is extremely simple, and may ]^e thus illoBtrated 
Let xy^ figr* ^^^> represent a horizontal axis, to which the penduhmt ia 
attached by a slender rod. This axis has two leaves, c &nd d, one sear 
each end, and not in the same plane, but so that when the pendulum hangs 
perpendicularly at rest, e spreads a few degrees to tlie right, and <j as much 
to ^e left. These are called the pallets. Let afb represent a wheel, 
turning on a perpendicular axis, « o, in' the order afe b. Th« teeth of this 
wheel are in the form of those of a saw, leaning forward in the direction of 
the rim's motion. This wheel is usually called the crotjOfMvkeel, or in watches 
the haktnU'Wked. It in general contains an odd number of teeth. In the 
iigtire the pendulum is represented at the extremity of its excursion towards 
the right, the tooth « having just escaped from the pallets, and h having 
just dropped on d. 

Now it b evident, that while the pendulum is moving to the left, in the 
arc jt7 f, the tooth h still presses on the pallet d^ and thus accelerates tAe 
pendulum, both in its descent along j? A, and its ascent up hg^ and that 
when df by taming round the axis xy^ raises its point above the plane of 
the wheel, the tooth b escapes from if, and t drops on c, now neaiiy perpen- 
dicular. Thus c is pressed to the right, and the motion of the pendulum 
along gp is accelerated. Again, while the pendulum hangs perpendicularly 
lA'the line xh^ th^ tooth b, by pressing on d, will force the pendulum 
to the left, in proportion to its lightness, and if it be not too heavy, wiM 
force it so far from the perpendicular, that h will escape, and t will catch 
on c, and force the pendulum back to jb, when the same motion will be 
repeated. This effect will be the more remarkable if the rod of the pen- 
dulum be continued through x y, and have a ball g, on the other end» to ba- 
lance p. 

When b escapes from d, the balls are moving with a certain velocity and 
momentum, and in this oondition the balance is checked when i catches on c 
It is not, however, instantly stopped, but continues to move a little to the left, 
and i is forced a little backward by the pallet c. It cannot make its escape 
over the top of the tooth i,^ as all the momentum of the balance was g^nerat^ 
cd by the force of b, and t is of equal power. Besides, when i catches on c, 
and the motion of c, to the left, continues, the lower point of c is applied to 
the face of i, which now acts on the balance by a long lever, and soon stops 
its motion in that direction, and, continuing to press one, urges the balance 
in the opposite direction. In this, it is evident that the motion of the wheel 
is hobbling and unequal, by which tins escapement 1ms received the appel- 
lation of the recoiUng 'seapement. 

In eonsiciermg the utility of tbe following improved 'scape- 
ment for clocks, we must keep in mind the following proper 
sition, which, after tbe above illustration, scarcely requires 
any proof. It is, that the najLural vibrations of a^pendulum 
are isochronoiis, or are performed in equal times* The great 
object of the 'scapement is to preserve this isochronous mo- 
tion of the peiululum. 

As the defect of the recoiling 'scapement was Ipng ap- 
parent, several ingenious artists attempted to substitute in 
its place a 'scapement that should produce a more regular 
and uniform motion. Of these, the 'scapement contrived by 
Mr Gumming appears to be one of the most ingenious in its 
construction, and most perfect in its operation. The follow- 
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kkg constrttction is fliimlar to that of Mr Caiutning, but ren- 
defed ratber less c<»iiplex for tl% purpose of slu}rtenij[ig thfi 
description. 

Let A B C, %. 524, represent a portion of the swing-wheel, of which 
O 18 ^e centre, and A one of ^e teeth» and Z the centre of the crutch, 
the pallets, and pendulum. The wuteh is represented of the form of the 
letter A, haringin the circular cross-piece a slit t k, which is also circular, 
Z being the centre. The arm Z F forms the first detent, and the tooth A 
is represented as locked on it at F. B is the first pallet oq the end of the 
arm Z d, movable round the same cent]*e with the detents, but isdepen- 
dent of them. The amw de, to which the pallet D is attached, lies wholly 
behind the arm Z F of the detent, being fixed to a round piece of brass, e 
/ g, having pivots turning Concentric with the axis of the pendulum. To 
the same piece of brass is fixed the horizontal arm e H, carrying at its ex- 
tremity the ball H, of such size that the action of the tooth A on the paUet 
D is just able to raise it up to the position represented. ZV p represents 
the fork, or pendulum-rod, behind both detent an^ pallet. A pin^ pro- 
jects forward, coming through the slit i k, without touching either margin 
of it Attached to the fork is the arm mn, a£ such length thalv when the 
pendulum-rod is perpendicular, the angular distance of nq from ^e rod c 
q His just equal to the angular distance of the left side of the pin /» &om 
the left end t of the slit i k. 

Now the natural position of the pallet D is at cT, represented by the dotted 
lioes, oea^g on the bock of the detent F. It is natumlly broogfat into this 
position by its own weight, and still more by the weight of the ball H. The 
pallet D, being set on the foreside of the arm at Z, comes into the same 
plane with the detent F and the swing-wheel, though represented in the 
figure in a different portion. The tooth C of the wheel is supposed to 
have escaped from the Second pallet, on which the tooth A immediately 
seizes the pallet D, situated at <?, forces it out, and then rests on the detent 
F, the pallet D leaning on the tip of the tooth. After the escape of C, the 
pendulum, moving down the arch of semi-vibration, is represented as hav^ 
mg attained the vertical position. Proceeding still to the left, the pin p- 
reaches the extremity i of the sKt i k; and, at the same instant, the arm 
n touches the rod! e U in g* The pendulum proceeding a hair'sfbreadth 
fiirther, withdraws the detent F from the tooth, which now pushes olT the 
detent, by, acting on the inclining face of it. 

The wheel being now unlocked, the tooth, following C on the other side, 
acts on its pallet, pushes it off, and rests on its detent, which has been 
rapidly brought into a proper position by the action of A on the inclined 
ikce of F. By a similar action of C on its detent at the moment of escape, 
F was brought into a position proper for the wheels being locked by the 
tooth A. As the pendulum- stUI goes on, the ball H, and pallet connected 
with it, are oamea by the arm m n, and before the pin p again reaches the 
end of the slit, which had been suddenly withdrawn by Xhe action of A on 
F, the pendulum comes to rest It now returns towards the right, loaded 
with the ball H on the left, and thus the motion lost during the last vibration 
is restored. When the pin^, by its motion to thfe riglrt, reaches the end 
k of t k^ the wheel on the ri^t side is unlocked, and at the same instant 
tie weight H, being raisedfi*om the the pendulum by the action of a tooth 
like B on the pallet D, ceases to act. 

lo^ this 'scapement, both pallets and detents are detached 
from the pendultim^ except m the moment of unlocking the 
wheelf.so that, excepting during this short interval, the pen- 
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dulutn may be s^d to be free during its wiiol« vibratioD, an4 
>Qf course its mottMi must be more equable and undisturbed. 

The constructing of a proper 'scapement for watches reqatfes 
peculiar delicacy, owing to the small size of the machine, from 
which the error of ^^^ of an inch has as much effect as the 
error of a whole inch in a common clock. From the neces- 
sary lightness of the balance too, it is extremely difficult to 
accumulate a sufficient quantity of regulating power. This 
can only be done by giving the balance a great velocity, which 
is effected^by concentrating as much as possible of its weight 
in the rim, and making its vibrations very wide. The balance- 
rim of atolerable watch should pass through at least ten inches 
in every second. 

In considering the most proper 'scapements for watches, we 
may assume the following principle ; viz. that the oscillations 
of a balance urged by its spring, and undisturbed by extrane- 
ous forces, are isochronous. 

In ordinary pocket-watches, the common recoiling 'scape- 
ment of clocks is still employed, and answers the common 
purposes of a witch tolerably well, so that, if properly exe- 
cuted, a good ordinary watch will keep time within a minute 
in the day. These watches, however, are subject to great va- 
riation in their rate of going, from any change in the power 
of the wheels. 

The following is considered as the best construction of the common watch 
'scapement, and is represented by fig*. 525, as it appears when looking 
strsught down on the end of the balance-arbor. C marks the centre of the 
balance and verge? C A represents the upper pallet, or that next the balance, 
and C B the lower pallet; F and D are two teeth of the crown-wheel, mor- 
ing worn left to rig^tj E G are two teeth in the lower part, moving from 
right to left. The tooth D appears as having just escaped from the point 
of C A,, and the tooth £ as haying just come in contact with C B. In prac- 
tice, the 'scapement should not be quite so close, as, by a small inequality 
of the teeth, D might be kept from escaping at all. In the best propor- 
tioned watches, the distance between the front of the teeth, that is, (^ G 
FEB, and the axis C of the balance, is one-fifth of F A, the distance be- 
tween the poiats of the teeth. The length C A, C B, of the pallets is 
three-fifths of the same degrees, and the front D H, or F K -of the teeth 
makes an angle of 25° with the axis of the crown-wheel. The sloping side 
of the tooth must be of an epicycloldal form, suited to the relative motion 
of the tooth and pallet. 

It appears from these proportions, that by the action of t^ tooth D, the 
pallet A can throw out till it reach a, 120° from C L, the line^ the crown- 
wheel aids. To tills we add B C A = 96% we shall have L C a =: 120*. 
Agsdn, B will throw out as far on the other side. Now, if from 240% the 
sum of Uie extent of vibration of both pallets, we take 95**, the angle of the 
pallets, the remainder 145° will express the greatest vibration which the 
balance can make without striking the front of the teeth. From several 
causes, however, this measure is too great, and 120° is reckoned a sufficient 
vibration in the best ordinary 'scapement. Encydopcedia BHtannka. 
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In 1812, Mr Prior, jun. was rewarded by the Seciety of 
Arts for the cpnstruction of a remontoire escape which pos-, 
sesses considerable mei-it. 

The advantage of this escapement is such as will give an 
exact and equal impulse to the pendulum without any Miction, 
and which cannot be at all affected by any irregularities or 
variations arising by the clogging of oil and increasing of 
friction from the train, except during the very small part of 
the vibration that the pendulum is removing the sprins detents 
from off the points of the teeth of the escape- wheel, tne effect 
of which can never be discovered in the rate by any variation 
the oil on the pivots and the increase of friction can ever 
produce, as long as the wheels will be able to wind up the 
renovating spring, Which will be nearly as long as they can 
move at all, as the renovating spring has not either to be 
wound up quick, or to be pushed beyoi^d any catch or spring 
to keep it in its proper situation, nor can there ever be any 
increase of friction in winding up the renovating spring, as it 
is formed in nearly as right a line as possible ; consequently 
must go almost endlessly without cleaning, and will never 
require any oil. 

The swine-wheel A, figs 526 and 527*, has thirtjr teeth cut in its peri- 
phery, and IS constantly urged forward by the maintaining power, which is 
supplied by a smaU weight X, figs. 527 and 527*; C D are two spring 
detents catching the teeth of the wheel alternately, these are, at the proper 
intervals, unlocked by the parts marked 2 and 3, fig. 526, upon the pen- 
dulum rod H, intercepting small pins a b, fig. 527, projecting from the 
detents, as it vibrates towards tht one or the other^ £ is the renovating or 
remontoire spring, fixed to the same stud F, as the detents; it is wound up 
by the highest tooth of the wheel, as seen in fig. 526, (its position when un- 
wound being shown by the dotted line.) This being a case, suppose a tooth 
of the wheel is caught by the detent B, which prevents the wheel from 
moving any .Airther, and ke^s the renovating sprinj^ from escaping off the 
point of the tooth; in this position ^ the pendulum is quite detacli^d froqi 
tiie wheel; now, if the pendulum be caused to vibrate towards G, the part of 
it marked 2 comes against the pin b, fig. 5^7, projecting from the renovat- 
ing spring £, and pushes this spring from the point of the wheel's tooth; 
on vibrating a little further^ it removes the detent ]>» which detained the 
wheel, by the part 3 striking the pin a, ^g. 2, which projects from the de- 
tent; the maintaining power of the clock causes the wheel, thus unlocked, to 
advance, until detained by a tooth resting upon the end of the detent C, on 
the opposite side; by this means the renovating spring will be clear of the 
tooth of the wheel as it returns with the pendulum, and g^ves it an impulse, 
by its pin b pressing against the part 2 of the pendulum, until the spring 
comes to the position shown by the dotted line, in which position it is un- 
wound, and rests against the pin fixed in the cross bar of the plate; the pen- 
dulum continues vibrating towards I, nearly to the extent of its vibration, 
when the part 1 meets the pin in the detent C, and removes it from the 
wheel, and unlocks it; the maintaining power now carries it forward, 
pushing the renovating spring E before it, until another tootii is caught by 

Vol II. — L 



62 THE OPERATIVE MECHANIC 

the detent D, which detains the wheel in the position first described, the 
renovating spring being wound up ready to g^ve another impulse of the 
pendulum. 

The pin b, fig. 527, is not fixed to the renovating spring itself, but is part 
of a piece of brass, which is screwed fast to the renovating spring, and is 
made very slender near the screw which fastens it; this permits the.renovat- 
. ing spring to g^ve way, if, by the weight being taken off trfe clock, or any 
other accident, the escape-wheel should be wound backwards, so as to 
catch on the detents improperly. 

In this escapement it is necessary to attend to the follow- 
ing observations : 

1st. That the renovating and detent springs must spring 
from one centre, and as similarly as possible. ' 

2dly. That the force applied to the train must be so much 
more than what will wind up the renovating spring, as will 
overcome the influence of oil and friction on the pivots of the 
machine. 

3dly. That the renovating spring, when unwound, must rest 
against the point of the tooth of the wheel, which will be an 
advantage, as it thereby takes as much force ofl* the tooth of 
the wheel resting against the detent spring as is equal to the 
pressure of the renovating spring C, against the face of the 
tooth of the wheel. 

4thly. The detent springs must be made as slender and 
light as possible, though whatever force they take from the 
pendulum by their elasticity in removing them to unlock the 
wheel, so much force they return to the pendulum in follow- 
ing it, to where it removed them from, therefore action and 
reaction will be equal in contrary directions. 

5dily. That it is necessary for the pcuidulum to remove the 
detents or renovating springs, much further than it is neces- 
sary to free the teeth of the wheel, as it will always vibrate 
on the same arc ; in table clocks it ought to remove .them 
further, so that it can go when not placed exactly level, or 
what IS generally termed out of the beat. 

The following description of a clock escapement, contrived 
by Mr Reid, about twelve or fifteen years ago, is extracted 
from the Edinburgh Encyclopsedia : 

Fig. 528. S W is the swing-wheel, whose diameter may be so lal*ge as to 
be sufficiently free of the ari)or of the wheel that runs into its pinion, which 
in eight-day clocks is the third. The teeth of this swing-wheel are cut thus 
deep, in order that the wheel may be as light as possible;, and the strengfth of 
the teeth little more than what is necessary to resist the action or force of a 
common clock weight through the wheels. They are what may be called 
the locking-teeth, as will be more readily seen from the use of them after- 
wards to be explained. Those called the impulse-teeth, conast of very 
small temperedlsteel pins, inserted on the surface of the rim of flife wheel on 
one side only. They are nearly two-tenths of an inch in height; and "the 
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smaller they ace so much more room will be .c^ren for ihc thickness of the 
pallets. If they have strength to support about 80 or 100 gndns, they 
will be strong enough. There is no rule required for placing them relative^ 
to the lockmg-teeth, only they may as well be opposite to these teeth 
as any where else. P P are the pallets whose centre of motion is the same 
as that at the verge at a. These pallets are formed so as to have the arms 
sufficiently strong, and at the same time as light as may be. That part 
where the arms meet at the angle at a, has a steel socket made out of the 
same piece as the arms, being forg6d together in this manner. The socket 
is made to fit well on the verge, on which it is only twisted fast, and is 
turned pretty small on the outside, in order to allow the arbors of the detents 
to be laid as close to the verge as maybe, so that their centres of motion 
may coincide as nearly as possible. A perfect coincidence of the centres 
might be obtainedby using a hollow cylinder for the verg^, with the detent- 
arbors running inside of it, butthis would have occasioncdmore trouble. That 
part of the pallet frame, as it may be called, in which is set the stone for 
receiving the action or impulse of the small pin teeth, is formed into a rec- 
tangular shape, so as to allow room for a dove-twl groove, into which the 
stone pallets are fixed, as may be seen at P P, fig. 528, and P, fig. 529, 
which also gives a side view of the verge at a, and where the socket of the 
pallets is seen as fixed on the verge. At B, fig. 529, is seen the outer end 
of one of the stone pallets made flush with the steel. That part of the stone 
pallets upon which the pin teeth act may be seen in fig. 528, where they 
are represented in their respective positions relative to me pin teeth; Their 
shape or form is exactly that which gfives the dead beat In fig. 528 are 
seen the detents d d, whose centre of motion is at c c. They are fixed on 
their arbors by a thin steel socket, made as forged with the detents, much 
in the same way as the pallets were, as ms^ be seen at c, ^g. 530, which 
pves a side view of one of the detents and its arbor. The screws e «, ff, 
m the arms of the detents, have a place made to receive them, which is more 
readily seen in fig. 530 than in fig. 528. The screws e e serve for the pur- 
pose of adjusting that part of the 'scapement connected with the pa&ets 
pushing the detents out from locking the wheel, by means of locking the 
teeth. The ends of the screws e e, on the unlocking, are met by the ends of 
the stone pallets, one of which is represented at b, fig. 529. The screws// 
seem to adjust the locking of the wheel-teeth on the detents; g g are brass 
rectangular pieces, or studs, which are fixed to the inside of the pillar frame 
plate, and may be near an inch high. The ends of the screws //rest on 
the side of these studs, and according as they are more or less screwed 
through at the ends of the detents, so much less or more hold will the de- 
tent piece have of the teeth. These holding pieces of the detents are not 
represented in the drawing, as they would have made 'other-parts of it rather 
obscure. They are made of stone, and are fitted in by means of a dove- 
tail cut in a piece left for that purpose, on the inside of the detent-arms, as 
may easily be conceived from the drawing, where it is represented in part at 
e, fig. 530;- and is in the line across the arm with the screw, c, which is 
close by the edge of the detent-stone piece, which projects a little beyond 
the end of the screw. Having described the parts of the *scapement, we 
shall now explain their mode of action. On the left-hand side the pin tooth 
is represented as having just escaped its pallet, as seen in fig. 528; but 
previous to its having got on to the flanch of this paHet, let us conceive that 
the back of the pallet, or end piece b of it, had come, in consequence pf tho 
motion of the pendulum, to that side, and opposing the screw e, which is 
in the detent-arm, pushes or carries it on with it, and consequently unlocks 
the tooth of the wheel," which then endeavours to get forward, but the pin 
tooth at this instant of unlocking, meeting with the flanch of the pallet at the 
lower ^dge inside, . and pushing forward on the flanch, by this means im« 
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peb the pendnhim* and alter haidngf escaped the pallet, the next locking^ 
tooth is received by the detent, on the right-hand nde, where the wheel is 
now again locked. In the mean time, whUe the pendulum is describtngthat 
part of its vibration towards the left hand free and detached, as the pallets 
are now at liberty to move freely and independently of tlie small pin teeth, 
on the return of the pendulum to the right-hand side, the detent, by mesons 
of the pallet on that side, is pu^ed out from locking the wheel, and at the 
instant of unlocking, the wheel gets forward, and the pin too^ is at the 
same instant ready to get on the flanch of its pallet, and g^ves new impnlse 
to the pendulum, as b obvious by what is represented in the drawing, fig. 
528. After the piti tooth has escaped the pallet, the wheel is again locked 
on the opponte or left-hand side; the pendulum moves on to the right freely 
and independently till the next locking on the left takes place, and so on. 
It may be observed, that the unlocking takes place when the pendulum is 
near the lowest point, or point of rest, knd of course where its force is 
nearly a maximum. 

Without attaching any thing to the merits of this 'scape* 
mem, we may remark that the clock was observed from time 
to time by a very good transit instrument, and, during a pe- 
riod of eighty-three days, it kept within the second, without 
any interim apparent deviation. This degree of time-keep- 
ing seemed to be as much a matter of accident as otherwise; 
and cannot reasonably be expected from this or any other 
clock as a fixed or settled rate. 

This 'scapement being a detached or free 'scapement, can 
at pleasure be converted into a recoiling or dead beat one, 
without so much as once disturbing or stopping the pendu- 
lum a single vibration. To make dead beat of it, put in a peg 
of wood, or small wire, to each, saas to raise the detents 
free of the pallets; and these being left so as to keep them 
in the position, the pin teeth will now fall on the circular 
parts of the pallets, aiKi so on to the flanch, and the 'scapement 
IS then, to all intents and purposes, a dead beat one. To make 
a recoiling one of it, let there be fixed to each arbor of the 
detents, a wire to project horizontally from them about 3^ or 
4 inches long; the outer ends of the wires must be tapped 
about half an inch in lensth; provide two small brass balls, 
half an ounce weight each, having a hole through them, and 
tapped 80 as to screw on the wires ; the balls can be put 
more or less home, and be adjusted proporttonably to the 
force of the clock on the pendulum. No recoil wilt be seen 
on the seconds' hand ; yet these will alternately oppose and 
assist the motion of the pendulum, as much as any recoiling 
pallets can possibly do; and as their efforts on the pendulum 
will be exactly the same, it may be considered as a good 
recoiling 'scapement. This sort of detatched 'scapement, 
by becoming a dead beat, or a recoiling one, at any time when 
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required, makes it convenient for making vartons experi- 
ments with the different 'scapements. 

Another 'scapement, in which » considerable degree of 
ingenuity ts united with comparative simplicity, is that of 
Mr De Lafons* The inventor's description, and some of hid 
observations, as presented to the Society of Arts, are as 
follows: 

** Although the giving of an e^ual impulse to the balance has been alf e&dy 
ftiost ingeniously done by Mr Mudge and Mr Haley, (from whose great 
merit I would not wish to detract,) yet the extreme difficulty and expense 
attending the first, and the very compound locking of the second, render 
them far from completing the desired object. 

*^ The perfections and advantages arising from my improvements oti the 
remontoire detached *scapement for chronometers, which gives a perfectly 
equal impulse to the balance, and not only entirely removes whatever 
irregularities arise from the different states of fluidity in the oil, from the 
tndn of wheels, or from the mainspring, but does it in a simpler way than 
any with which I am acquainted. I trust it will not be thought improper 
in me to answer some objections made at the examinations before the com- 
mittee, as I am fully persuaded the more mathematically and critically the 
improvements are investigated, the more perfect they will prove to be. 

*• It was first observed that my method did not so completely detach 
the trtun of wheeb from the balance as another 'scapement then referred 
to. I beg leave to remark, that the train of wheels in mine is prevented 
from pressing against the locking by the whole power of the remontoire- 
spring; so that the balance has only to remove the small remsdning pressure, 
which does away the objection, and also that of the disadvantage of detents, 
as this locking may be compared to a light balance turning on fine pivots,* 
without a pendulum'spring; and has only the advantage of banking safe at 
two turns of the balance, and of being firmer, and less liable to be out 
of repair, than any locking where spring-work is used, but likewise of un- 
locking with much less power. It was then observed, it required more 
power to make it go than usual. Permit me to say, it requires no more 
power than any other remontoire-scapement, as the power is applied in the 
most mechanical manner possible. And, lastly, it was said, that it set or 
required the balance to vibrate an unusually large arch before the piece 
would go. This depends on the accuracy of the execution, the proportion- 
ate diameter and weight of the balance, the streng^ of the remontoire- 
spring, and the length of the pallets. If these 9ircumstance8 are well 
attended to, it will set but Uttle more than the most generally detached 
•tcapementa." 

A shows the scape-wheel, fig. 534. 

B, the lever-pallet, or an arbor with fine pivots, having at the lower 
end, 

G, the remontoire or spiral-spring fixed with a collar and stud, as pendu- 
lum-sprini^s are. 

D, die pallet of the verge, having a roller turning in smaU pivots for the 
lever-pallet to act against. 

B, pallets to discharge the locking, with a roller between, as in fig. 535. 

F, the arm of the lockjng-pallet continued at the other end to make it 
poise, having studs and screws to adjust the bank and quantity of motion. 

a and h,- the locking-pallets, being portions of circles, fastened on an 
arbor turning on fine pivots. 

G, the triple fork, at the end of the arm of the locking-pallets. 
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««The centre of the lever-pallet in the draft, is in a right line between 
the centre of the scape-wheel and the centre of the verge, though in the 
model it is not: but may be so or not, as best suits the calliper, &c. 

<* The scape-wheel A, with the tooth 1, is acting on the lever-pallet B, 
and has wound up the spring C; the verge pallet D, (turning the way 
represented by the arrow,) the moment it comes within the reach of the 
lever-pallet, the discharging pallet E, taking hold of one prong of the fork, 
removes the arm F, and relieves the tooth 3 from the convex part of the 
lock a. The wheel goes forward a little, just sufficient to permit the lever- 
pallet to pass, while the otiier end g^ves the impulse to the balance: the 
tooth 4 of the wheel is then locked on the concave side of the lock b, 
and the lever-pallet is stopped a^inst the tooth 5, as in fig. 536. So 
far the operation of giving the impulse, in order again to wind the" 
remontoire-spring, (the other pallet at E, in the return, removing the arm F 
the contrary direction,) relieves the tooth 3 from the lock b. The wheel 
again goes forward, almost the whole space, from tooth to tooth, winds the 
spiral-spring again, and comes into the situation of fig. 534, and thus the 
whole performance is completed. The end of the lower pallet B resting on 
the pomt of the tooth 1, prevents the wheel exerting its full force on the 
lock a, as in fig. 534. The same effect is produced by the pallet lying on 
the tooth 5, by preventing the wheel from pressing on b; and thus the lock- 
ing becomes the tightest possible. This 'scapement may be much sim- 
plified by putting a spring witli a pallet made in it, as iiffig. 534, instead of 
the lever pallet and spiral-spring. The operation will be in other respects 
exactly the same, avoiding the friction of the pivots of the lever-pallet. This 
method I prefer for a piece to be in a state of rest, as a clock; but the dis- 
advantage, from the weight of the spring in different positions, is obvious. 
The locking may be on any two teeth of the wheel, as may be found most 
convenient 

» PENDULUMS. 

The pendulum is a simple ponderous body, so suspended, 
that it may swing backwards and forwards, about some fixed 
poin^ by the mere force of gravity. 

These alternate ascents and descents of the pendulum are 
called its oscillations, or vibrations; each oscillation being 
the arc which the pendulum describes from.the highest point 
on one side to the highest point to the other side. The point 
round which the pendulum moves, or vibrates, is called the 
axis of suspension, or centre of motion; and a right line drawn 
through the centre of motion, parallel to the horizon, and per- 
pendicular to the plane in which the pendulum moves, is called 
the axis of oscillation. There is also a certain point within 
every pendulum, into which, if ^11 the matter that con^poses . 
the pendulum were collected, or condensed, as into a point, 
the times in which the vibrations would be performed would 
not be altered by such condensation ; and this poiat is called 
the centre of oscillatioji. The length of the pendulum is 
always estimated by the distance of this point below the 
centre of motion, being usually near the bottom of the pen- 
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dulum; but in a slender cylinder, or any other uniform prism 
or rod suspended at the top, it is at the distance of one-third 
from the bottom, or two-thirds below the centre of motion. 

The length of a pendulum, so measured to its centre of 
oscillation that it will perform each vibration in a secpnd of 
time, thence called the seconds' pendulum, has, in the latitude 
of London, been generally taken at 39y\ or 39| inches; but 
by some very ingenious and accurate experiments, the late 
celebrated Mr George Graham found the true length to be 
39jy^inches, or 39-J inches very nearly. 

The length of the pendulum vibrating seconds at Paris 
was found by Varin, Des Hays, De Glos, and Godin, to be 
440f lines; by Picard, 440ilines ; and by Mairan, 440^5- lines. 

As all woods and metals are more or less affected by changes 
of temperature, many ingenious contrivance^ have been re- 
sorted to, to counteract the effects of heat and cold, in length- 
ening or shortening a pendulum-rod. 

The first person who observed that, by change of tempera- 
ture, metals changed their length, was Godfroi Wendelinus; 
and he who first endeavoured to take advantage of this know- 
ledge, to counteract the effects of heat and cold upon a pen- 
dulum, was Graham, who, in the year 1715, suggested that a 
combination of rods or wires of different metals would have 
a tendency to that effect ; but being of opinion that this would 
not be quite adequate to the desired purpose, he did never, 
we believe, put it in execution. Still continuing his observa- 
tions, he, a short time afterwards, conceived that mercury, 
from its great expansion by heat, was more adapted to the 
end he was pursuing, and accordingly we find, that, by the 
9th of June 1722, he had constructed a clock which had a 
pendulum upon this principle, and which he kept continually 
going, without having either the pendulum or the han^ 
altered, for the space of three years and four months, during 
which he found the errors of his were but about one-eighth 
part of those of one of the best sort of common clocks, with 
which he had compared it. This pendulum, which is called 
the mercurial pendiUum, consists of a rod of brass, branched 
towards the lower end, so as to embrace a cylindric glass jar 
13 or 14 inches long, and about two inches diameter ; which, 
being filled about 12 inches deep with mercury, forms the 
weight or ball of the pendulum. In adjusting this pendulum, 
if the expansion of the rod be too great for that of the mer- 
cury, more mercury must be poured into the vessel ; but if 
the expansion of the mercury exceed that of the rod, so as to 
occasion the clock to go fast with heat, some of the mercury 
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iiiust be taken out, to shorten the column. This pendulum 
though troublesome to construct, because any filling in or 
taking out of the mercury from the cylinder or glass jar, to 
bring about the compensation, will cause a change of place 
in the index-point on the graduated arch or index-plate, if 
such a thing be used, is, notwithstanding some defect may 
arise from the expansion of the mercury commencing sooner 
than that of the rod, of much practical excellence. The mer- 
curial pendulum has been much improved by Reid ; for an 
account of which we must refer our readers to the article 
'^ Horology," written by this gentleman, and inserted in the 
Edinburgh Encyclapadia. 

Mr Harrison, of whom we have already spoken under the 
article Chronometers, some time previous to 1726, construct- 
ed a pendulum in which the compensation was effected by the 
opposite contraction of different metals. This pendulum, 
called the gridiron-pendulum^ from, we suppose, its bearing a 
near resemblance to the culinary implement of that name, was 
made of five steel and four brass rods, placed in alternate or- 
der, the middle rod, by which the pendulum-ball is suspended, 
being of steel. These rods are so connected with each other 
at their ends, that while the expansion of the steel rods has a 
tendency to lengthen the pendulum, the expansion of the 
brass rods, acting upwards, tends to shorten it, so that by 
the combined effect the pendulum is invariably preserved of 
the same length. This is a very ingenious and simple con- 
trivance, and the only objections we have heard urged againsl 
this mode of compensation are, 1st, the difficulty of exactly 
adjusting the length of the rods ; 2dly, of proportioning their 
thickness, so that they shall all begin to contract or expand 
at the same instant ; 3dly, the connecting bars of a pendulum 
thus constructed are apt to move by starts ; 4thly, this kind of 
pendulum is more exposed to the air's resistance than a sim* 
pie pendulum. 

Other modes of constructing pendulums on the principle of 
the opposite contraction of metals have been contrived by 
other ingenious artists, among whom we may notice Ellicott, 
Camming, Troughton, Reid, and Ward. 

In Ellicott's pendulum the ball was adjustable by levers, 
thence called the Uver-pendulumi which can never be equal 
to those in which the expansion and contraction act by con- 
tact in the direct line of the pendulum-rod; the construction 
nevertheless evinced great ingenuity. The rod of this pen- 
dulum was composed of two bars, one of brass, and the other 
of steel. It had two levers, each sustaining its half of the 
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ball or weight, with a spring under the lower part of the ball 
to relieve the levers from a considerable part of its weight, 
and so to render their motion more smooth and easy. These 
levers were placed within the ball, and each had an adjusting 
screw to lengthen or shorten the lever, so as to render the ad- 
justment the more perfect. See the Philos. Transact, vol. 
xlvii. p. 479 ; where Mr Ellicott's methods of construction 
are described and illustrated by figures. 

This pendulum was much improved by Cumming, who 
conceived that where there were two bars only, a flexure and 
unequal bearing would take place, and consequently an exact 
compensation could not be effected. To remedy this, he 
constructed a pendulum of one flat bar of brass, and two bars 
of steel, and used three levers within the ball of the pendulum, 
whereas Mr Ellicott used only two. Among many other in- 
genious contrivances for the more accurate adjusting of this 
pendulum to mean time, it is provided with a small ball and 
screw below the principal ball or weight, one entire revolution 
of which on its screw will only alter the rate of the clock's 
going one second per day ; and its circumference is divided 
into 30, one of which divisions will therefore alter its rate of 
going one second in a month. 

Troughton's tubular-pendulum, which acts on the principle 
of the gridiron-pendulum, is a very neat and ingenious con- 
trivance. It is constructed of an exterior tube of brass, reach- 
ing from the bob nearly to the top, within wfiich is another 
tube, and five brass wires in its belly, so disposed as to pro- 
duce altogether, (like Harrison's gridiron-pendulum,) three 
expansions of steel downwards, and two of brass upwards, 
whose lengths being inversely proportioned to their dilatation, 
when properly combined, destroy the whole effect that either 
metal would have singly. The small visible part of the rod, 
near the top, is a brass tube, whose use is to cover the upper 
end of the middle wire, which is single, and otherwise unsup- 
ported. Drawings of this pendulum may be seen in JVicholr 
son^s Journal, No. 36, N. S. 

Reid's pendulum is composed of a zinc tube, and three long 
and one short steel rods, connected by means of traverses. 
Two of these long rods are inserted at one end in the ball of 
the pendulum, and terminate at the other in the upper tra- 
verse, which keeps them exactly parallel with respect to each 
other. At the lower ends of these rods, not far above the 
ball, is another traverse, in the middle of which the short 
steel rod is pinned, descending thence through the centre of 
the ball. Another traverse is placed a little above this, on 
Vol. II.— M 
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the centre of which the zinc tube rests, extending upwards^ 
and pressing against, or rather pressed by the upper traverse* 
Th6 third or centre steel rod passes through a hole in the up- 
per traverse, equidistant from each of the other two steel rods, 
thence down the zinctube, and finally is pinned to the second 
traverse, or that traverse on which the zinc tube rests. By 
this means, the centre steel rod, when lengthened by heat, will 
make the lower end of the zinc tube descend with it; but the 
tame cause which lengthens the steel rod downwards will ex- 
pand the zinc tube upwards, and this will carry up the two 
outside steel rods with which the ball of the pendulum is con- 
nected; their expansion downwards, as well as that of the 
centre rod, is compensated by the upper expansion of the 
zinc tube. In constructing a pendulum upon this principle, it 
would be proper to have a few holes in the tube, for the pur- 
pose of admitting air more freely to the centre rod. 

Ward's pendulum consists of two flat bars of steel, and one 
of zinc, connected together by three screws. The description 
which has been given of it in the Transactions of the Society 
of Arts, &c. for the year 1807, and the pamphlet which Mr 
Ward published at Blanford in 1808, contain sufficient de- 
tails to enable any common clock-maker to copy it. 

Before we conclude this article, we shall briefly notice the 
sympathy or mutual action of the pendulums of clocks. 

It is now nearly a century since it was known that whea 
two clocks are set agoing on the same shelf, they will disturb 
each other ; that the pendulum of the one will stop that of the 
other; and that the pendulum which was stopped will, after a 
while, resume its vibrations, and in its turn stop that of the 
other clock, as was observed by the late Mr John Ellicott. 
When two clocks are placed near one another, in cases very 
slightly fixed, or when they stand on the thin boards of a 
floor, it has been long known that they will affect a little the 
motions of each other's pendulum. Mr Ellicott observed, 
that two clocks resting against the same rail, which agreed to 
a second for several days, varied 1 ' Z^" in twenty-four hours 
when sepiurated. The slower having a longer pendulum, set 
the other in motion in 16| minutes, and stopped itself in 36f 
minutes. 
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BUILDING. 



Under this general term, which implies the construction 
of an edifice according to the rules laid down by the differ- 
ent artificers employed, we purpose to treat of tlie respective 
business of the Mason, Bricklayer, Carpenter, Joiner, Plas- 
terer, Plumber, Painter, and Glazier; previous to which it 
will be necessary to consider the sinking of the foundation, 
thedue mixtures of the ingredients which compose the mortar, 
and the art of making bricks; upon the whole of which 
materially depends the stability of an edifice. 

As firmness of foundation is indispensable, wherever it is 
intended to erect a building, the earth must be pierced by an 
iron bar, or struck with a rammer, and if found to shake, must 
be bored with a well-sinker's implement, in order to ascertain - 
whether the shake be local or general. If the soil is in gene- 
ral good, the loose and soft parts, if not very deep, must be 
excavated until the labourers arrive at a solid bed capable of 
fiustaining the pier or piers to be built. If not very loose, it 
may be made good by ramming into it very large stones, 
packed close together, and of a breadth proportionate to the 
intended weight of the building ; but where very bad it 
roust be piled and planked. 

In places where the soil is loose to any grqat depth, and 
over which it is intended to place apertures, such as doors, 
windows, &c. while the parts on which the piers are to stand 
are firm, the best plan is to turn an inverted arch under each 
intended aperture, as then the piers in sinking will carry 
with them the inverted arch, and by compressing the ground 
compel it to act against the under sides of the arch, which, if 
closely jointed, so far from yielding, will, with the abutting 
piers, operate as one solid body ; but, on the contrary, if this 
expedient of the inverted arch is not adopted, the part of the 
wall under the aperture, being of less height, and conse- 
quently of less weight than the piers, will give way to the 
resistance of the soil acting on its base, and not only injure 
the brick-work between the apertures, but fracture the 
window-heads and cills. 
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Id constructing so essential a part as the arch, great at- 
tention must be paid to its curvature, and we strongly re- 
commend the parabolic curve to be adopted, as the most 
effectual for the purpose; but if, in consequence of its 
depth, this cannot conveniently be introduced, the arch 
should never be made less than a semi-circle. The bed of 
the piers should be as uniform as possible, for though the 
bottom of the trench be very firm, it will in some degree 
yield to the great weight that is upon it, and if the soil be 
softer in one part than in another, that part which is the 
softest, of course will yield more to the pressure, and cause 
a fracture. 

If the solid parts of the trench happen to be under the in- 
tended apertures, and the softer parts where piers are want- 
ed, the reverse of the above practice must be resorted to ; 
thait is, the piers must be built on the firm parts, and have ' 
an arch that is not inverted between them. In performing 
this, attention must be paid to ascertain whether the pier 
will cover the arch; for if the middle of the pier rest over 
the middle of the summit of the arch, the narrower the pier 
is, the greater should be the curvature of the arch at its 
apex. When suspended arches are used, the intrados ought 
to be kept clear of the ground, that the arch may have its 
due effect. 

When the ground is in such a state as to require the foun- 
dation merely to be rammed, the stones are hammer-dressed, 
so as to be as little taper as possible, then laid of a breadth 
proportioned to the weight that is torbe rested upon them, 
and iifterwards well rammed together. In general, the lower 
bed of stones may be allowed to project about a foot from the 
' face of the wall on each side, and on this bed another course 
may be laid to bring the bed of stones on a level with the top 
of the trench. The breadth of this upper bed of stones 
should be four inches less than the lower one ; that is, pro- 
jecting about eight inches on either side of the wall. In all 
kinds of walling, ,each joint of every course must fall as 
nearly as possible in the centre, between two joints of the 
course immediately below it ; for in all the various methods 
of laying stones or bricks, the principal aim is to procure the 
greatest lap on each other. 

MORTAR. 

In making mortar, particular attention must be paid 
to the quality of the sand, and if it contain any propor- 
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tion of clay or mud, or is brought from the sea^shore and 
contains saline particles, it must be washed in a stream of 
clear water till it-be divested of its impurities. The neces^- 
sity of the first has been clearly proved by Mr Smeaton, who, 
in the course of a long and meritorious attention to his pro* 
fession of an engineer, has found, that when mortar, though 
otherwise of the best quality, is mixed with a small propor* 
tion of unburnt clay, it never acquires that hardness which 
without it, it would have attained ; and, with respect to the 
second, it is evident, that so long as the sand contains saline 
particles it cannot become hard and dry. The sharper and 
coarser the sand is the better for the mortar, and the less the 
quantity of time to be used ; and sand being the cheapest of 
the ingredients which compose the mortar, it is more profit* 
able to the maker. The exact proportions of lime and sand 
are still undetermined; but in general no more lime isre-^ 
quired than is just sufiicient to surround the particles of the 
sand, or sufficient to preserve the necessary degree of plas 
•ticity. 

Mortar in which sand forms the greater portion, requires 
less water in its preparation, and consequently is^ sooner set. 
It is also harder and less liable to shrink in drying, because 
the lime, while drying, has a greater tendency to shrink than 
sand, which retains its original magnitude. The general 
proportions given by the London builders is l^ cwt. or 37 
bushels of lime to 2^ loads of sand ; but if proper measures 
be taken to procure the best burnt lime and the best sand, and 
in tempering the materials, a greater portion of satid may 
be used. There is scarcely any mortar that has the lime 
well calcined, and the composition well beaten, but that will 
be found to require two parts of sand to one part of un- 
slacked lime ; and it is worthy of observation, that the more 
the mortar is beaten the less proportion of lime suffices. 
, Many experiments have been made with a view to obtain 
the most useful proportion of the ingredients, and among 
the rest Dr Higgins has given the following : — 



Lime newly slacked one part, 
Fine sand three parts, and 
Coarse sand four parts. 



He also found that one-fourth of the lime of bone-^shes 

freatly improved the mortar, by giving it tenacity, and ren- 
ering it less liable to crack in the drying. 
It is best to slack the lime in smalt quantities as required 
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for use, about a bushel at a time, in order to secure to the 
mortar such of its qualities as would evaporate were it allowed 
to remain slacked for a length of time. But if the mortar be 
slacked for any considerable time previous to being used, 
it should be kept covered up, and when wanted be re-beaten. 
If care be taken to secure it from the action of the atmos- 
phere, it may thus remain covered up for a considerable 
period without its strength being in the least affected ; and 
indeed, some advantages are gained, for it sets sooner, 
is less liable to crack in the drying, and is harder when 

CfroUt, which is a cement containing a larger proportion of 
water than the common mortar, is used to run into the narrow 
interstices and irregular courses of rubble-stone walls ; and 
as it is required to concrete in the course of a day, it is com- 
posed of mortar that has been a long time made and thorough- 
ly beaten. 

Mortar composed of pure lime, sand, and water, may 
be employed in the linings of reservoirs and aqueducts, pro- 
vided a sufficient time is allowed for it to dry before the 
water is let in; but if a sufficient time is not allowed, and 
the water is admitted while the mortar is wet, it will soon 
fall to pieces. There are, however, certain ingredients 
which may be put into the common mortar to make it 
set immediately under the water ; or, if the quick-lime com- 
posing the mortar contain in itself a certain portion of burnt 
clay, it will possess this property. For further information 
on this head the reader is referred to the sub-head — Plas- 
tering. 

BRICKS. 

The earth best adapted for the manufacture of brick is of a 
clayey loom, neither containing too much argillaceous mat- 
ter, which causes it to shrink in the drying, nor too much 
sand, which has a tendency to render the ware both heavy 
and brittle. It should be dug two or three years before it 
is wrought, that it may, by an exposure to the action of the 
atmosphere, lose the extraneous matter of which it is pos- 
sessed when first drawn from its bed ; or, at least, should 
be allowed to remain one winter, that the frost may mellow 
and pulverize it sufficiently to facilitate the operation of 
tempering. As the quality of the brick is greatly dependent 
upon the tempering of the clay, great care should be taken 
to have this part of the process well done. Formerly the 
manner of performing it consisted in throwing the clay into 
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shallow pits, and subjectiDg it to the tread of men and 
oxen ; but this method has of late been superseded by the 
clay or pug mill, which is a very eligible, though simple ma- 
chine. 

The clay or pug mill consists of a large vertical cone, 
having strong knives with a spiral arrangement and inclina- 
tion fixed on its internal surface. Passing through the 
centre, and terminating in a pivot at the bottom, is a strong 
perpendicular shaft with similar radiating knives, so that 
the knives by the revolution of the shaft, cut, separate, and 
purify the clay, till it be reduced to a homogeneous paste, 
which passes through an orifice at the bottom into a receiver 
placed for that purpose. The clay is taken from the re- 
ceiver to the moulder's bench, and is, either by a lad or a 
woman, cut into pieces somewhat larger than the mould, 
and passed on to the moulder, who works it into a mould, 
previously dipped in sand, and strikes off the superfluous 
parts with a flat smooth piece of wood. In this country, the 
mould used is about ten inches in length, and five inches in 
breadth, and the bricks when burnt are about nine inches 
long, four and a half inches broad, and two and a half inches 
thick. The degree of shrinking, however, is various, ac- 
cording to the temper and purity of the clay, and the de- 
gree of heat attained in the burning. A handy moulder is 
calculated to mould from about 5000 to 7000 per day. From 
the moulder's bench the bricks are carried to the hack, and 
arranged somewhat diagonally, one above the other, and two 
edgewise across, with a passage between the heads^ of each 
for the admission of air, till they be eight bricks in height. 
They are then left to dry. The time they take ere they re- 
quire shifting depends entirely upon the weather, which when 
fine will be but a few days : they are then turned and re-set 
wider apart, and in six or eight days are ready for the clamp 
or kiln. 

Clamps are generally used in the vicinity of London. 
They are made of the bricks to be burnt, and are commonly 
of an oblong form. The foundation is made either with the 
driest of the bricks just made, or with the commonest kind 
of brick, called place bricks. The bricks to be burnt are 
arranged tier upon tier as high as the clamp is intended to 
be, and a stratum of breeze or cinders to the depth of two 
or three inches is strewed between each layer of bricks, and 
the whole is finally covered with a thick stratum of breeze. 
At the west end of the clamp a perpendicular fire-place of 
about three feet in height is constructed, and flues are formed 
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by arching the bricks over so as to leave a space of about 
a brick in width. The flues run straight through the clamp, 
and are filled with a mixture of coals, wood, and breeze, 
which is pressed closely together. If the bricks are re- 
quired to be burnt off quickly, which can be accomplished 
in the space of from twenty to thirty days according to the 
st^te of the weather, the flues must not exceed six feet dis- 
tance apart ; but if- there is no urgent demand, the flues need 
not be nearer than nine feet, and the clamp may be allowed 
to burn slowly. 

Coke has been recommended as a more suitable fuel for 
bricks than either coal or wood, as the dimensions of the 
flues and the stratum of the fuel are not required to be so 
great, which, since the measurement of the clamp" has been 
restricted to certain limits by the interference of the legis- 
lature, is a point of some consideration; besides, the heat 
arising from the coke is more uniform, and more-intense than 
what is produced by the other materials, so that the burning 
of the bricks is more likely to be perfect throughout. The 
saving which is thus produced may be calculated at about 32 
pec cent. 

Kilns* are also in common use, and are in niany respects 
preferable to the clamp, as less waste arises, less fuel is 
consumed, and the bricks are sooner burnt. A kiln will 
burn about 20,000 bricks at a time. The walls of a kiln are 
about a brick and a half thick, and incline inwards towards 
the top, so that the area of the upper part is not more than 
114 square feet. The bricks are set on flat arches, with 
holes left between them, resembling lattice-work; and, 
when the kiln Is completed, they are^covered with pieces of 
broken brick and tiles, and some wood is kindled and put 
in to dry them gradually. When sufficiently dried, which 
is known by the smoke changing from a dark to a light 
transparent colour, the mouths of the kiln are stopped 
with pieces of brick, called shinlog, piled one upon ano- 
ther, and closed over with wet brick-earth. The shinlogs 
are carried so high as just to leave room for one faggot to 
be thrust into the kiln at a time, and when the brush-wood, 
furze, heath, faggots, &c. are put in, the fire is kindled, 
and the burning of the kiln commences. The fire is kept 
up till the arches assume a while appearance, and the 
flames appear through the top of the kiln ; upon which the 
fire is allowed to slacken, and the kiln to cool by degrees. 
This process of alternately heating and slacking the kiln is 
continued till the bricks are thoroughly burdt, which, in 
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general, is ia the space of forty-eight hours. The practice of 
steeping bricks in water after they have been burned, and 
then burning them again, has the effect of considerably im- 
proving the quality. 

Bricks are of several kinds, the most usual of which are 
marls, stocks, and place bricks ; but there is little difference 
in the mode of manufacturing them, except that great care 
is taken in preparing and tempering the marls. 

The finest marls, called firsts, are selected for the arches 
of door-ways, &c. and are rubbed to their proper form and 
dimensions: and the next best, called seconds, for the princi- 
pal fronts. The colour, a light yellow, added to the smooth 
texture, and superior durability of the marls, give them the 
precedence of the other descriptions of brick. 

Grey stocks are somewhat like the seconds, but of inferior 
quality. 

Place bricks, sometimes called pickings, sandal, or samel 
bricks, are such as from being the outermost in the clamp or 
kiln, have not been thoroughly burned, and are, in conse- 
quence, soft, of uneven texture, and of a red colour. 

There are also burrs or clinkers, arising from the bricks 
being too violently burned, and sometimes several bricks are 
found run together in the kiln. They derive their colour from 
the nature of the soil of which they are composed, which, 
in general, is very pure. The best kinds are used as cutting 
bricks, and are called red rubbers. In old buildings they 
are. very frequently to be seen ground to a fine smooth sur- 
face, and set in putty instead of mortar, as ornaments over 
arches, windows, door-ways, &c. ; but though there are 
many beautiful specimens of red brick-work, yet these 
bricks cannot be judiciously used for the front walls of build- 
ings. This objection arises from the colour being too heavy, 
and from itsx^nveying to the mind, in the summer months, 
an unpleasant idea of heat ; to which may be added, that as 
the fronts of the buildings have a greater or less proportion 
of stone and painted wood-work, the contrast in the colours 
is altogether injudicious. The colour of grey stocks, on 
the contrary, assimilates so much with the stones and paint, 
that they have obtained, in and near London, universal 
preference. 

At the village of Hedgerley, near Windsor, red bricks are 
made which will stand the greatest heat: they are called 
Windsor bricks. 

Bricks used for paving, are generally about an inch and a 
half in breadth ; and, beside these, there are paving tiles, 
Vol. II.— N 
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which are made of a stronger clay, and are of a red colour. 
The largest are about twelve inches square, and one inch 
and a half thick : the next, though called ten-inch tiles, are 
about nine inches square, and one inch and a quarter thick. 
About the year 1795, a patent was obtained by Mr Cart- 
wright, for an improved system of making bricks, of which 
the following extract will furnish the reader with all neces- 
sary information. 

** Imagine a common brick, with a groove or rebate on each side down 
the middle, rather more than half the width of the side of the brick; a 
shoulder will thus be left on either side of the ^oove, each of which will 
be nearly equal to one quarter of the width of 3ie side of the brick, or to 
one-half of the groove or rebate. A course of these bricks being laid 
shoulder to shoulder, they will form an indented line of nearly equal 
divisions, the g^rooves or rebates being somewhat wider than the adjoining 
shoulder^ to allow for the mortar or cement. When the course is laid 
on, the shoulders of the bricks, which compose it, will fall into grooves of 
the first course, and the shoulders of the first course will fit into the 
grooves or rebates of the second, and so with every succeeding course. 
Buildings constructed with this kind of brick, will require no bond timbers, 
as an universal bond runs through the whole buildmg, and holds all the 

garts together; the walls of wmch wiU neither crack nor bilg^ without 
reaking through themselves. When bricks of this construction are used 
for arches, the sides of the grooves should form the radii of the circle, of 
which the intended arch is a segment; yet if the circle be very large, the 
cUfTerence of the width at the top and bottom will be so veiy trifling, as to 
render a minute attention to this scarcely if at all necessary. In arch-work, 
the bricks may either be laid in mortar, or dry, and the interstices after- 
wards filled up by pouring in lime, putty, plaster of Paris, &c. Arches 
upon this principle, having any lateral pressure, can neither expand at 
the foot, nor spring at the crown, consequently ^ey want no abutments, 
requiring only perpendicular walls to be let into, or to rest upon; neither 
wiU they want any superincumbent weight on the crown to prevent their 
springing up. The centres also may be struck immediately, so that the same 
centre, which never need be many feet wide, may be regularly shifted as 
the work proceeds. , But the most striking advantage attending this inven- 
tion is, the security it affords against the ravages of fire; for, from the 
eeculiar properties of this kind of arch, requiring no abutments, it may be 
id upon, or let into common walls, no stronger than what is required for 
timbers so as to admit of brick floorings.'' 

Having said thus much on the laying of the foundation, 
the mixing of the mortar, and the manufacture of the brick, 
we shall next proceed to treat on the principles of the art of 
masonry, as practised in the present day. 



MASONRT, 

Is the art of cutting stones, and building them into a mass, 
80 as to form the regular surfaces which are required in the 
construction of an edifice. 



AND MACHINIST. 99 

The chief business of the mason is to prepare the stones, 
make the mortar, raise the wall with the necessary breaks, 
projections, arches, apertures, &c. and to construct the vaults, 
&c. as indicated by the design. 

A wall built of unhewn stone, whether it be built with 
mortar or otherwise, is called a rubble f/oalL Rubble work 
is of two kinds, coursed and uncoursed. In coursed rubble 
the stones are gauged and dressed by the hammer, and 
thrown into different heaps, each heap containing stones of 
equal thickness ; and the masonry, which may be of different 
thicknesses, is laid in horizontal courses. In uncoursed 
rubble the stones are placed promiscuously in the wall, with- 
out any attention being paid to the placing them in courses : 
and the only preparation the stones undergo, is that of 
knocking off the sharp angles with the thick end of a tool 
called a scabling hammer. Walls are generally built with 
an ashlar facing of fine stone, averaging about four or five 
inches in thickness, and backed with rubble work or brick. 

Walls backed with brick or uncoursed rubble, are liable to 
become convex on the outside, from the great number of 
Joints, and the difliculty of placing the mortar, which shrinks 
m proportion to the quantity, in equal portions, in each joint; 
consequently, walls of this description are much inferior to 
those where the facing and backing are built of the same 
material, and with equal care, even though both of the sides 
be uncoursed. When the outside of a wall is faced with 
ashlar, and the inside is coursed rubble, the courses of the 
backing should be as high as possible and set within beds of 
mortar. Coursed rubble and brick backings are favourable for 
the insertion of bond timber ; but in go^ masonry, wooden 
bonds should never be in continued lengths, as in case of 
either fire or rot the wood will perish, and the masonry will, 
by being reduced, be liable to bend at the place where the 
bond was inserted. 

When timber is to be inserted into walls for the purposes of 
fastening buttons for plastering, or skirting, &c. the pieces of 
timber ought to be so disposed that the ends of the pieces be 
in a line with the wall. 

In a wall faced with ashlar, the stones are generally about 
2 feet or 2i feet in length, 12 inches in height, and 8 inches 
in thickness. It is a very good plan to incline the back of 
6ach stone, to make all the backs thus inclined run in the 
same direction, which gives a small degree of lap in the 
setting of the next course ; whereas^ if the backs are parallel 
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to the front, there can be no lap where the stones ran of an 
equal depth in the thickness of the wall. It is also advan- 
tageous to the stability of the wall to select the stones, so 
that a thicker and a thinner one may succeed each other alter- 
nately. In each coarse of ashlar facing, either with rubble 
masonry, or brick backing, thorough-stones should occasion- 
ally be introduced, and their number be in proportion to the 
length of the course. In every succeeding coarse, the 
tliorough-stones should be placed in the middle of every two 
thorough-stones in the course below ; and this disposition of 
bonds should be punctually attended to in all cases where the 
courses are of any great length. Some masons, in order to 
prove that they have introduced sufficient bonds into their 
work, choose thorough-stones of a greater length than the 
thickness of the wall, and afterwards cut off the ends ; but 
this is far from an eligible plan, as the wall is not only sub- ^ 
ject to be shaken, but the stone is itself apt to split. In every 
pier, between windows and other apertures, every alternate 
jamb-stone ought to go through the wall with its bed perfectly 
level. When the jamb-stones are of one entire height, as is 
frequently the case when architraves are wrought upon them, 
upon the lintel crowning them, and upon the stones at the 
ends of the courses of the pier which are adjacent to the 
architrave-jamb, every alternate stone ought to be a thorough- 
stone : and if the piers between the apertures be very narrow, 
no other bond stone is required ; but where the piers are wide, 
the number of bond-stones are proportioned to the space. 
Bond-stones must be particularly attended to in all long 
courses below and above windows. 

All vertical joints, after receding about an inch with a close 
joint, should widen gradually to the back, thereby forming 
hollow spaces ofa wedge-like figure, for the reception of mor- 
tar, rubble, &c. The adjoining stones should have their beds 
and vertical joints filled, from the face to about^three-quarters 
of an inch inwards, with oil and putty, and the rest of the 
beds must be filled with well tempered mortar. Putty ce- 
ment will stand longer than most stones, and will even re- 
main permanent when the stone itself is mutilated. All walls 
cemented with oil-putty, at first look unsightly ; but this dis- 
agreeable effect ceases in a year or less, when, if care has 
been taken to make the colour of the putty suitable to that of 
the stone, the joints will hardly be perceptible. 

In selecting ashlar, the mason should take care that each 
stone invariably lays on its natural bed ; as from careless- 
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ness in this particular, the stones frequently flash at the joints, 
and sooneip admit the corrosive power of the atBiospbere to 
take effect. 

It ought also to be observed, that,* in building walls, or 
insulated pillars of small horizontal dimensions, every 
stone should have its bed perfectly level, and be without 
any concavity in the middle ; because, if the beds are con- 
cave, the joints will most probably flush when the pillars 
begin to sustain the weight of the building. Care should also 
be taken, that every course of masonry in such piers be of 
one stone. 

Having thus given to the practical mason an outline of the 
subject of walling, we will proceed to the consideration of 
the more diflicult branches of the art, that of constructing 
arches and vaults. 

PEFIM^ITIONS. 

An archj in masonry, is that part of a building which is 
suspended over a given plane, supported only at its extremi- 
ties, and concave towards the plane. 

The upper surface of an arch is called the extrados; and 
the under surface, or that which is opposite the plan, the 
intrados. 

The supports of an arch are called the spring toaUs. 

The springing lines, are those common to the supports and 
the intrados; or the line which forms the intersection of the 
arch with the surface of the wall which supports it. 

The chord, or span, is a line extending from one springing 
line to the opposite one. 

Section of the hollow of the arch, is a vertical plane, sup- 
posed to be contained by the span and the intrados. 

The height, or rise of the arch, is a line drawn at right an- 
gles from the middle of the chord, or spanning line, to the 
intrados. 

The crown of the arch is that part which the extremity of 
the perpendicular touches. 

The haunches, or flanks, of the arch, are those parts of the 
curve between the crown and the springing line. 

When the base of the section, or spanning line, is parallel 
to the horizon, the section will consist of two equal and simi- 
lar parts, so that when one is applied to the other, they will 
be found to coincide. 

Arches are variously named according to the figure of the 
section of a solid that would fill the void, as circular, eUiptical, 
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cyclaiddlf catenarian^ parabolicalj &c. There are also point- 
ed composite, and lancet, or Gothic arches. 

A rampant arch is when the springing lines are of two un- 
equal heights. 

When the intrados and extrados of an arch are parallel, it 
is said to be extradossed. 

There are, however, other terms much used by masons; 
for example, the semicircular are called perfect arches, and 
those less than a semicircle, imperfect, surbtised, or diminish- 
ed arches. 

Arches are also called surmounted, when they arei higher 
than a semicircle. 

A vauU is an arch used in the interior of a building, over- 
topping an areaof agiven boundary, as a passage, or an apart- 
ment, and supported by one or more walls, or pillars, placed 
without the boundary of that area. 

Hence an arch in a wall is seldom or never called a vault ; 
and every vault may be called an arch, but every arch cannot 
be termed a vault. 

A groin vauU is a complex vault, formed by the intersection 
of two solids, whose surfaces coincide with the intrados of 
the arches, and are not confined to the same heights. An arch 
is said to stand upon'splayed jambs, when the springing lines 
are not at right angles to the face of the wall. 

In the art of constructing arches and vaults, it is necessary 
to build them in a mould, until the whole is closed : the 
mould used for this purpose is called a centre. The intrados 
of a simple vault is generally formed of a portion of a cylin- 
der, cylindroid, sphere, or spheroid, that is, never greater 
than the half of the solid : and the springing lines which 
terminate the walls, or when the vault begins to rise, are 
generally straight lines, parallel to the axis of the cylinder, 
or cylindroid. 

A circular wall is generally terminated with a spherical 
vault, which is either hemispherical, or a portion of a sphere 
less than an hemisphere. 

Every vault which has an horizontal straight axis, is called 
ja straight vault ; and in addition to what we have already 
said, the concavities which two solids form at an angle, re- 
ceive likewise the name of arch. 

An arch, when a cylinder pierces another of a greater di- 
ameter, is called cylindrO'Cylindric. The term cylindro is 
applied to the cylinder of the greatest diameter, and the term 
cylindric to the less. 
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If a cylinder intersect a sphere of greater diameter than 
the cylinder, the arch is called a sphero-cylindric arch; but 
on the other hand, if a sphere pierce a cylinder of greater 
diameter than the sphere, the arch is called a cylindro-apheric 
arch. 

If a cylinder pierce a cone, so as to make a complete per- 
foration through the cone, two complete arches will be 
formed, called cono-cylindric arches ; but, on the contrary, 
if a cone pierce a cylinder, so ^ that the concavity made by 
the cone is a conic surface, the arch is called a cylindrO'Conic 
arch. 

If, in a straight wall, there be a cylindric aperture continu- 
ing quite through it, two arches will be formed, called piano- 
cylindric arches. 

Every description of arch is, in a similar manner to 
the above, denoted by the two preceding words; the 
former ending in o, signifying the principal vault, or sur- 
face cut through ; and the latter in tc, signifying the descrip- 
tion of the aperture which pierces or intersects the wall or 
vault. 

When groins are introduced merely for use, they may be 
built either of brick or stone ; but, when introduced by way 
of proportion or decoration, their beauty will depend on the 
generating figures of the sides, the regularity of the surface, 
and the acuteness of the angles, which should not be ob- 
tunded. In the best buildings, when durability and elegance 
are equally required, they may be constructed of wrought 
stone ; ^and, when elegance is wanted, at a trifling expense, 
of plaster, supported by timber ribs. 

In stone-cutting, a narrow surface formed by a point or 
chisel, on the surface of a stone, so as to coincide with a 
straight edge, is called a draught 



The formation of stone arches has always been considered a 
most useful and important acquisition to the operative mason; 
in order, therefore, to remove any diflBculties which might 
arise in the construction of arches of different descriptions, 
both in straight and circular walls, we shall here introduce 
a few examples, which, it is hoped, with careful examination, 
will greatly facilitate a knowledge of some of the most 
abstruse parts of the art. 

Fig. 551, No. I. To find the moulds necessary for the construction of a 
semicircular arch, cutting a straight wall obliquely. 
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Let ABCBEFGH be the plan of the arch; IKLM the outer line; and 
NOPQ the inner line on the elevation. 

abede^ on the elevation, shows the bevel of each joint or bed from the 
ftce of the wall; and abede below, g^ves the mould for the same, where 
zy OR the elevation corresponds with a? y at a. 

The arch mould, fig. 551, No. 2, is applied on the face of the stone, and 
on being applied to the parts of the plan, gives, of course, the bevel of 
each concave side of the stone with the face, that is K to O, on the deva- 
tion. 

Fig. 552. To find the mould for constructing a semicircular arch in a cir- 
dUarwall. 

No. 1 is the elevation of the arch; and No. 2 the plan of the bottom bed 
from q to r. 

a to 6 is what the arch g^ns on the circle from the bottom bed k oto 1/ 
and £ to 1^ is the projection of the intrados tojp, on the joint /, p» 

Nos. 2, 3, 4, are plans of the three arch-stones, 1, 2, 3, in the elevation ; 
and Nos. 5 and 6 are moulds to be applied to the beds of stones 1 and 2^ in 
which 8 e equals s em No. 2, and / w equals / u^ in No. 3. 

In Na If klpoia the arch or fiice mould. 

When the reader is thoroughly proficient in the construc- 
tion of arches, under given datas, as the circumstances of 
the case may point out, he may proceed to investigiUe the 
principles of spherical domes and groins. 

Figs. 553 and 554 show the principles of developing the soffits of the 
arches in the two preceding examples. In each the letters of reference are 
alike, and tbe operation is precisely the same. 

Let AUDE be the plan of the opening in the wall ; and AFB the eleva- 
tion of the arch: produce the chord AB to C, divide the semicircle AFB 
into any number of parts, the more the better, and with the compasses set 
to any one of these divisions, run it as many times along A C as the semicir- 
cle is divided into; then draw lines, perpendicular to BC, through everjr 
division in the semicircle and the line C A, and set the (Ustance l\2d,3 
f, &c. respectively equal to a b,e d, e /, &c. and then by tracing a curve 
through these points, and finding the points in the line GD, in the same 
Hianner, the soffit of the arch is complete. 

Fig. S55t shows tiie method of constructing spherical domes. 

No. 1 mould is applied on the spherical sui&ce to the vertical joints; and 
No. 2 mould on the same suriace to the other joints; and in both cases, the 
mould tends to the centre of the dome. 

3, 4, 5, 6, 7, and 8, are moulds which apply on the convex surface to 
the horizontal joint, the lines ab, ed,eff &c. being at right angles to the 
different radii, 2 e, dcpfe, &c. and produced until they intersect the perpen- 
dicular ac; the different intersections are the centres which give the circu- 
lar leg of the mould, and the stnught part gives tbe horizontal joint. 

Fig. 556 exhibits the plan of a groined vault 

Lay down the arch, either at the full or half size, on a floor or piece of 
floor-cloth, then divide and draw on the plan the number of joints in the 
semicircular arch, and fi^m the intersections with tiie diagonals, draw the 
transverse joints on the plan, and produce them till they touch the intra- 
does of the elliptical arch, the curve of which may be found by setting 
the corresponding distances from the line of the base to the curve; thus 
a b equal to a &• This being accomplished, draw the joints of the ellipti- 
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cd arch in the nunner of which we ^ye c 4 as a spedmen. To draw the 
joint e df draw the chord e e and bisect it^ draw a line from the centre c, 
through the bisecting point, and produce it till it touches the perpendicular 
efi and c d, being at right Angles to ef, will be the joint required. In the 
same manner the others are found. 

By examination, it will be seen, that a rectangle circtimscribing the mould 
3, 3, gives the size of the stone in its square state, and, that if each stone in 
both arches be thus enclosed, the dimensions for each will be found, as also 
the position in which the moulds must be placed. The dark lines give the 
different bevels which must be carefully prepared and applied to the stones 
in the manner represented in the figure. 

Fig* 557. To draw the joints of the stones for an elliptical arch in a 
wall, &c. 

The curve is here described by the intersection of lines, which, certunly, 
gives the most easy and pleasing curve, as segments of circles apply on^ 
under certsdn data, or in me proportion wMch the axis major has to tiie aus 
imnor, while the intersection of lines apply to any description of ellipns. 
Find the foci F. In an ellipsis the dbtance of either focus from one ex- 
tremity of the axis minor is equal to the semi-axis major; that b, D F is equal 
to e C. Then to find any joint, a 6, draw lines from both foci through the 
point 6, as F e,fd, and bisect the angle dbehy the line a b, which is the 
joint required. 

Having thus given a general outline of the principles of 
masonry, and accompanied the same with a few examples on 
the most abstruse parts of the art, we shall conclude this partf 
of our treatise with the methods employed in the mensuration 
of masons' work. 

Rough stone or marble is measured by the foot cube: but 
in measuring for workmanship, the superficies or surface, 
for plain work, is measured before it is sunk. In measuring 
ashlar, one bed and one upright joint are taken and con- 
sidered plain work. In taking the plain sunk, or circular 
work, and the straight moulded, or circular moulded work, 
particular care is required to distinguish the different kinds 
of work in the progress of preparing the stone. In measur- 
ing strings, the weathering is denominated sunk work^ and 
the grooving throatings. 

Stone cills to windows, &c. are, in general, about 4| inches 
thick and 8 inches broad, and are weathered at the top, 
which reduces the front edge to about 4 inches, and the 
' horizontal surface at the top to about l^ inch on the inside; 
so that the part taken away is 6^ inches broad and three- 
quarters of an inch deep. Cills, when placed in the wall, 
generally project about 2^ inches. The horizontal part left 
on the inside of the cill is denominated plain work ; and the 
sloping part sunk work; and in the dimension book are en- 
tered thus, — 
Vol. II.— O 
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14 

8 inches the breadth of the plain work in the cill, 
accon^Ung to the above dimensions — ^then. 



6i 



'4 



2 8 



2 2 



Plain work. 



Sank work. 



Pladnto ends, 
of throating. 



No account is taken of ^e sawing. 

Cornices are measured by girthing round the moulded 
parts, that is, the whole of the vertical and under parts, called 
moulded work: — for example, suppose a cornice project one 
foot, girth two feet, and is 40 feet in length, then the dimen- 
sions will be entered as under, — 



Moulded work. 





140 
2 


80 
40 


40 
1 



9unk workattop. 



All the vertical joints must be added to the above. 

Cylindrical work is measured in the girth ; and the sur- 
face is calculated to be equivalent to plain work twice 
taken. 

For example, suppose it be required to measure the plain 
work or a cylinder, 10 feet long, and 5 feet in circumference, 
the dimensions would then be entered. 

^ Q 500 Sup^ phun work, double measure. 

Paving-slabs and chimney-pieces are found by superficial 
measure, as also are stones under two inches thick. 

The maimer in which the dimensions of a house are 
taken, vary according to the place and the nature of the 
agreement. 

In Scotland, and most parts of England, if the builder 
engages only for workmanship, the dimensions are taken 
round the outside of the house for the length, and the 
height is taken for the width, and the two multiplied 
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together, gives the superficial contents. This, however, ap- 
plies only when the wall is of the same thickness all the way 
up ; and when not, as many separate heights are taken as there 
are thicknesses. This mode of measuring gives something 
more than the truth, by the addition of the four quoins, which 
are pillars of two feet square ; but this is not more than con- 
sidered sufficient to compensate the workman for the extra 
labour in plumbing the quoins. 

If there be a plinth, string, course-cornice, or blocking 
course, the height is taken from the bottom of the plinth 
to the top of the blocking course, including the thickness of 
the same; that is, the measurer takes a line or tape and be- 
gins, we will suppose, at the plinth, then stretching the line 
to the top, bends it into the offset, or weathering, and, 
keeping the corner tight at the internal angle, stretches the 
line vertically upon the face of the wall, from the internal 
angle to the internal angle of the string ; then girths round 
the string to the internal angle at the top of the string, and 
keeping the line tight at the upper internal angle, stretches 
it to meet the cornice ; he then bends it round all the 
mouldings to the internal angle of the blocking course, from 
which he stretches the string up to the blocking course, to the 
farther extremity of the breadth of the top of the Same ; so 
that the extent of the line is the same as the vertical section 
stretched out : this dimension is accounted the height of the 
building. 

With respect to the length, when there are any pilasters, 
breaks, or recesses, the girth of the whole is taken at the 
length. This method is, perhaps, the most absurd of any ad- 
mitted in the art of measuring ; since this addition in height 
and length, is not sufficient to compensate for the value of 
the workmanship on the ornamental parts. 

The value of a rood of workmanship must be first obtained 
by estimation, that is, by finding the cost 6{ each kind of 
work, such as plinth, strings, cornices, and architraves, &c. 
and adding to them the plain ashlar work, and the value of 
the materials, the amount of which, divided by the number 
of roods contained in the whole, give the mean price of a sin- 
gle rood. When the apertures or openings in a building are 
small, it is not customary to make deductions either for the 
materials or workmanship which are there deficient, as the 
trouble of plumbing and returning the quoins, is considered 
equivalent to the deficiency of materials occasioned by such 
aperture. 
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Elsam's Gentleman's and Builder's Assistant, gives the (oU 
lowing information on the practice of measaring rough stone- 
work. 

To find the number of perches contained in a piece of rough 
stone-work. 

If the wall be at the standard thickness, that is, 12 inches high, 18 inches 
thick, and 21 feet long, divide the area by 21, and the quotient, if any, wUl 
be the answer in perches, and the remainder, if any, is feet. If the waU be 
more or less than 18 inches thick, multiply the area of the wall by the num« 
ber of inches in thickness, which pr.oduct, divided by 18, and that quotient 
by 21, will give the perches contained. 

Example. A- piece of stone-work is 40 feet long, 20 feet high, and 24 
inches thick, how many perches a^re contidned in it? 

40 length. 
20 height. 

800 
24 



3200 
1600 



•21) P. F. njL 

) (1066(50 16 a 



18)19200 (1066(50 16 a 
18 105 

120 16 
108 

>— ... » 

120 
108 

12 equal to 8 inches. 

The method last described, of finding the value of mason's 
work, is usually adopted, the perch being the standard of 
the country ; but the most expeditious way of ascertaining 
the value, is to cube the contents of the wall, and to charge 
the work at per foot. To ascertain the; value of common 
stone-work, a calculation should be made of the prime cost 
of all the component parts, consisting of the stones in the 
quarry, the expense of quarrying, land carriage to the place 
where it is to be used, with the extra trouble and consequent 
expense in carrying the stone one, two, three, or more 
stories higher. Also the price of the lime when delivered, to- 
gether with the extra expense of wages to workmen, if in the 
country; all these circumstances must be taken into consi- 
deration in finding the value of a perch of common stone- 
works the expense of which will be found to vary according to 
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local circumstances, in degrees scarcely credible ; wherefore 
a definite price cannot, with propriety, be fixed. 



BRICKLAYING. 

In building upon an inclined plane, or rising ground, the 
foundation must be made to rise in a series of level steps, 
aceording to the general line of the ground, to insure a firm 
bed for the courses, and prevent them from sliding j for if 
this mode be not adopted, the moisture in the foundation in 
wet weather will induce the inclined parts to descend, to 
the manifest danger of fracturihg the walls and destroying 
the building. 

In walling, in dry weather, when the work is required to be 
firm, the best mortar must be used ; and the bricks must be 
wetted or dipped in water, as they are laid, to cause them to 
adhere to the mortar, which they would not do if laid dry ; 
for the dry sandy nature of the brick absorbs the moisture of 
the mortar and prevents adhesion. 

In carrying up the wall, not more than four or five feet of 
any part should be built at a time; for, as all walls shrink 
^ immediately after building, the part which is first carried up 
will settle before the adjacent part is carried up to it, and, 
consequently, the shrinking of the latter will cause the two 
parts to separate ; therefore, no part of a wall should be car- 
ried higher than one scaffold, without having its contingent 
parts added to it. In carrying up any particular part, the ends 
should be regularly sloped off, to receive the bond of the ad- 
joining parts on the right and left. 

There are two descriptions of bonds ; English bond^ and 
Flemish bond. In the English bond, a row of bricks is laid 
lengthwise on the length of the wall, and is crossed by an- 
other row, which has its length in the breadth of the wall, 
and so on alternately. Those courses in which the lengths 
of the bricks are disposed through the length of the wall, 
are termed stretching courses, and the bricks stretchers : and 
those courses in which the bricks run in the thickness of 
the lengths of the walls, heading courses, and the bricks 
headers. 

The other description of bond, called Flemish bond, con- 
sists in placing a header and a stretcher alternately in the 
same course. The latter is deemed the neatest, and most 
elegant ; but in the execution is attended with great incon- 
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venience, and, in most cases, does not unite the parts^ ofa 
wall with the same degree of firmness as the English bond. 
In general, it may be observed, that, whatever advantages 
are gained by the English bond in tying a wall together in 
its thickness, they are lost in the longitudinal bond; and 
vice versa. To remove this inconvenience, in thick walls, 
some builders place the bricks in the cone at an angle of 
forty-five degrees, parallel to each other, throughout the 
length of every course, but reversed in the alternate 
courses ; so that the bricks cross each other at right an- 
gles. But even here, though the bricks in the cone have 
suflicient bond, the sides are very imperfectly* tied, on ac- 
count of the triangular interstices formed by the oblique di- 
rection of the internal bricks against the flat edges of those 
in the outside. 

Concerning the English bond, it (nay be observed, that, 
as the longitudinal extent of a brick is nine inches, and its 
breadth four and a ha|f, to prevent two vertical joints from 
running over each other at the end of the first stretcher 
from the corner, it is usual, after placing the return corner 
stretcher, which occupies half of the length of this stretcher, 
and becomes a header in the face, as the stretcher is be- 
low, to place a quarter brick on the side, so that the two 
together extend six inches and three-quarters, being a lap 
of two inches and a half fbr the next header. The bat thus 
introduced is called a closer. A similar eflfect may be ob- 
tained by introducing a three-quarter bat at the corner of 
the stretching course, so that the corner header being laid 
over it, a lap of two inches and a quarter will be left at the 
end of the stretchers below for the next header, which being 
laid on the joint below, the stretchers, will coincide with its 
middle. 

In the winter, it is very essential to keep the unfinished wall 
from the alternate effects of rain and frost ; for if it is exposed, 
the rain will penetrate into the bricks and mortar, and, by be- 
ing converted into ice, expand, and burst or crumble the ma- 
terials in which it is contained. 

The decay of buildings, so commonly attributed to the 
effects of time, is, in fact, attributable to this source ; but 
as finished edifices have only a vertical surface, the action 
and conter-action of the rain and frost extend not so ra- 
pidly as in an unfinished wall, where the horizontal sur- 
face permits the rain and frost to have easy access into the 
body of the work. Great care, therefore, must be taken, as 
soon as the frost or stormy weather sets in, to cover the un- 
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finished walls, either with straw, which is the most common, 
or weather boarding. 

When weather boarding is employed, it is advisable to have 
a good layer of straw between the work and the boarding, 
and to place the boarding in the form of stone-coping, to throw 
the water off equally on both sidles. 

A number of very pleasing cornices and other ornaments 
may be formed in brick-work, by the mere disposition of 
the bricks, without putting ; and if cut, a simple cbampher 
will be sufficient. A great defect, however, is very often 
observable in these ornaments, particularly in the bulging 
of arches over windows ; which arises from mere careless- 
ness, in rubbing the bricks too much on the inside; where- 
as, if due care were taken to rub them exact to the gauge, 
their geometrical bearings being united, they would all tend 
to one centre, and produce a well-proportioned and pleasing 
effect. 

In steining wells, it is necessary iSrst to make a centre, 
consisting of a boarding of inch or inch and a half stuff, 
ledged within with three circular rii^f^ upon which the 
bricks, all headers, are laid. The vacuity between the bricks 
towards the boarding, are to be filled in with tile or other 
pieces of brick. As the well-sinker proceeds to excavate the 
ground, the centre with its load of bricks sinks, and another 
similarly charged is laid upon it, and another upon that, and 
so on till the wall is complete, the centring remaining with 
the brick-work. This plan is generally adopted in London, 
at least where the soil is sandy and loose; where it is firm, 
centrings are not requisite. In the country, among many 
other methods, the following is most approved : — rings of 
timber, without the es^terior boarding, are used ; upon the first 
ring, four or five feet of bricks are laid, then a second ring, 
and so on. But the mode before described is by far the most 
preferable ; as in the latter the sides of the brick-work are apt 
' to bulge in sinking, particularly if great care be not taken in 
filling and ramming the sides uniformly, so as to keep the 
pressure regular and equal. In steining wells and building 
cess-pools, a rod of brick-work will require at least 4760 
bricks. 

As the construction of walls, arches, groins, &c. in brick- 
work, approximates so nearly to that of stone- work, and as the 
same observations generally apply, further information would, 
perhaps, be considered superfluous ; we shall, therefore, con- 
clude this article with some practical observations on the 
measuring of brick-work. 
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Brick-work is measured and valued by the rod. The con' 
tents of a rod of brick-work is 16| feet square; consequently, 
the superficial rod contains 272.25, or 272^ square feet; 
but as the quarter has been found troublesome in calculation, 
272 superficial feet has been admitted as the standard. 

The standard thickness of a brick wall is Ij^ brick laid 
lengthwise; therefore, if 272 square feet be multiplied by 13 
inches, the result will be 306 cubic feet, or a rod. 

A rod of standard brick-work, making the necessary allow- 
ance for mortar and waste, will require 4500 bricks ; but this 
quantity is of course ruled by the size of the brick, and the 
closeness of the joints. 

A foot of reduced brick- work requires 17 bricks ; a foot su- 
perficial of marl facing, laid in Flemish bond, 8 bricks; and a 
foot superficial of gauged arches, 10 bricks. In paving, a yard 
will {require 82 paving bricks, or 48 stock bricks, or 38 bricks 
laid flat. 

A square of tiling contains 100 superficial feet ; and requires 
of plain tiles, 800 at a six-inch gauge, 700 at a seven-inch 
gauge, or 600 at an eight-incb gauge. 

The distance between the respective laths must depend on 
the pitch of the roof; and one roof may require a 6, 7, and 8 
inch gauge. For instance, a kirt roof will require, in the 
kirt part, a 7| ot 8 inch gauge, and in the upper part, 6, 6^, or 
7 inch gauge, decreasing in the ratio of the angle of ele- 
vation. 

A square of plain tiling will require a bundle of laths, more 
or less, according to the pitch ; with two bushels of lime, one 
bushel of sand, and a peck of tile-pins. 

Laths are sold by the thousand, or bundle ; and each 
bundle is supposed to contain 100 laths, though the exact 
number depends on the length; the 3 feet containing 5 
score, the 4 feet 4 score, the 5 feet 3 score, and so on in 
proportion. 

A square of pan-tiling requires 180 tiles, laid at a ten- 
inch gauge ; and one bundle, containing 12 laths, ten feet 
long. 

In lime measure, 25 struck bushels, or 100 pecks, make a 
hundred of lime ; 8 gallons, a bushel dry measure ; and 268 
cubic inches, one gallon. 

In measuring sand, 24 heaped, o^ 30 struck bushes make' 
one load ; and 24 cubic feet weighs one ton. 

A load of mortar, which ought to contain half a hundred of 
lime, with a proportionate quantity of sand, is 27 cubic feet. 
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Excavations of the earth are measured by the number of 
cubic yards which they contain, therefore,^ to find the number 
of ""cubic yards in a trencH, find the solidity of the trench in 
cubic feet, and divide it by 27, the number of cubic feet in 
a yard, and the quotient, is the number of cubic yards, and 
the remainder the number of cubic feet. 

For example, the length of a trench is 60 feet, the depths feet, and the 
breadth 2 feet 

60 
3 

180 
2 

y&. ft^ 

27)1360(13 9 the answer. 
27 

90 
81 



In the horizontal dimensions, if the trench be wider at the 
top than It is at the bottom, and equal at the ends, take half 
the sum of the two dimensions for a mean breadth; and if the 
breadth of one end of the trench exceed that of the other, so 
as to have two mean breadths, differing from each other, take 
half the sum of the two added together, as a mean breadth 
of the whole. 

In measuring the footing of a wall, multiply the length and 
the height of the courses together ; then multiply the product 
by the number of half bricks in the mean breadth, divide the , 
last product by 3, and the quotient is the answer in reduced 
feet. Instead of measuring the height of the footing, it is 
customary to allow three inches to each course in height, or 
multiply the number of courses by 3, which gives the height 
in inches. 

To find the contents in rods of a piece of brick work. 

Case I. If the wall be of the standard thickness, divide the area of the waU 
by 272, and the quotient is the number of rods, and the Remainder the num- 
ber of feet; but if the wall be either more or less than a brick and a half in 
thickness, multiply the area of the wall by the number of half bricks, that is, 
the number of half leng^s of a brick; divide the product by 3, which will 
reduce the wall to the standard thickness of 1^ brick, then divide 'the quo- 
tient by 272, and it will g^ve the aumber of rods. 

Case n. Divide the number of cubic feet contained in the wall by 306; the 
quotient wiU give the number of rods, and the remainder the number of 
cubic feet 

Case III. Multiply the number of cubic feet in a wall by 8; divide the pro- 

Vol. II.— P 
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duct by 9; and the quotient will g^ye the area of the wall at the standard: 
divide this standard area by 272, and the quotient will give the number of 
rods; the remainder the reduced feet 

Example. The len^ of a wall is 60 feet, the height 20 feet, and the 
thickness equal to the length of three bricks; it is therefore required to 
know how many rods of brick-work is contained in the sud wall } • 

By Case I. 63 

JO 

1200 
6 

3)7200 

272)2400(8 rods 224 feet the answer. 
2176 

224 



Case II. 60 

20 

1200 

2.3 thickness of wall. 

2400 
300 

306)2700(8 rods 252 feet the answer. 
2448 



2S2 



Case III. 60 

20 

1200 
2.3 

2400 
300 

2700 
8 



9)21600 

272)2400(8 rods 224 feet, as in Case I. 
.2176 

224 
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In the calculation of brick-work, where there are several 
walls of different thicknesses, it will be quite unnecessary to 
use the divisors 3 and 272, as will be hereafter shown. 

In taking dimensions for workmanship, it is usual to allow 
the length of each wall on the external side, to compensate 
for plumbing the angles ; but this practice must not be re- 
sorted to for labour and materials, as it gives too much 
quantity in the height of the building or story by two pillars 
of brick ; and in the horizontal dimensions by the thickness 
of the walls. 

In measuring walls, faced with bricks of a superior qua- 
lity, most surveyors measure the whole as common work, 
and allow an additional price per rod for the facing, as the 
superior excellence of the work, and quality of the bricks 
may deserve. 

Every recess or aperture made, in any of the faces must 
be deducted ; but an allowance per foot lineal should be 
made upon every right angle, whether external or internal, 
excepting when two external angles may be formed by a 
brick in breadth, and then only one of them must be aU 
lowed. 

Gauged arches are sometimes deducted and charged se- 
parate ; but as the extra price must be allowed in the former 
case, it will amount to the same thing. 

In measuring walls containing chimneys, it is not custom- 
ary to deduct the flues ; but this practice, so far as regards 
the materials, is unjust, though, perhaps, by taking the 
labour and materials together, the overcharge, with respect 
to the quantity of bricks and mortar, may, in some degree, 
compensate for the loss of time : on the other hand, if the 
proprietor finds the materials, it is not customary to allow 
for the trouble of forming the flues, which, consequently, is 
a loss to the contractor who has engaged by task-work or 
measure. 

If the breast of a chimney project from the face of the 
wall, and is parallel to it, the best method is, to take the 
horizontal and vertical dimensions of the face, multiply them 
together, and multiply the product by the thickness, taken in 
the thinnest part, without noticing the breast of the chimney; 
then find the solidity of the breast itself, add these solidities 
together, and the sum will give the solidity of the wall, in- 
cluding the vacuities, which must be deducted for the real 
solidity. Nothing more is necessary to be said of the shaft, 
than to take its dimensions in height, breadth, and thickness, 
in order to ascertain its solidity. 
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If a chimney be placed at an angle, with the face of the 
breast intersecting the two sides of the wall, the breast of 
the chimney must be considered a triangular prism. To 
take the dimensions : — from the intersections of the front of 
the breast into the two adjacent walls, draw two lines on the 
floor, parallel to each adjacent wall ; then the triangle on the 
floor, included between the front and these lines, will be equal 
to the triangle on which the chimney stands, and, consequently, 
equal to the area of the base. To attain the area of the trian- 
gular base, the dimensions may be taken in three various 
ways, almost equally easy ; one of which is, to take the ex- 
tent of the base, which is the horizontal dimension of the 
breast, and multiply it by half of the perpendicular; or mul- 
tiply the whole perpendicular by half the base : but 98 this 
calculation would, in cases of odd numbers, run somewhat 
long, a more preferable method is, to multiply the whole base 
by the whole perpendicular, and take half of the product, 
which will give the area on which the chimney stands; and 
which, multiplied by the height, gives the solid contents of 
the chimney. From this contents is to be deducted the 
vacuity for the fire-place. 

A row of plain tiles, laid edge to edge, with their broad 
surfaces parallel to the termination of a wall, so as to project 
over the wall at right angles to the vertical surface, is called 
single plain tUe creasing ; and two rows, laid one above the 
other, the one row breaking the joints of the other, are called 
doubie plain tUe creasing. 

Over the plain tile creasing a row of bricks is placed on 
edge, with their length in the thickness of the wall, and are 
called a barge course^ or cope. 

The bricks in gables, which terminate with plain tile 
creasing coped with bricks, in order to form the sloping bed 
for the plain tile creasing, must be cut, and the sloping of 
tbe bricks thus, is called cut splay. 

Plain tile <:reasing and cut splay are charged by the foot 
run ; and the latter is sometimes charged by the superficial 
foot. 

A brick wall built in pannels between timber quarters is 
called brick nogging ; and is generally measured by the yard 
square, the quarters and nogging pieces being included in the 
measure. 

Pointing is the filling up the joints of the bricks after the 
walls are built. It consists in raking out some of the mor- 
tar from the joints, and filling them again with blue mor- 
tar, and in one kind of pointing, the courses are simply 
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marked with the end of a trowel, csMed flat-joint pointing ; 
but if, in addition to flat-joint pointing, plaster be inserted in 
the joint with a regular projection, and neatly paved to a pa- 
rallel breadth, it is termed hick-pointing^or hick-jointpoiniiHg, 
or formerly, hick, andpatt. Pointing is measured by the foot 
superficial, including in the price, mortar, labour, and scaf- 
folding. / 

Rubbed and gauged work is set in putty or mortar ; and is 
measured either by the foot superficial, or the foot run, ac- 
cording to the manneil in which it is constructed. 

In measuring canted bow windows, the sides are consider- 
ed as continued straight lines ; but the angles on the exterior 
side of the building, whether they be external or internal, are 
allowed for in addition, and paid for under the denomination 
of run of bircPs mouth. ' All angles within the building, if 
oblique, from whatever cause they are made, either by straight 
or circular bows, or the splays of windows, are allowed for, 
under the head of ruk cut splay. 

Brick cornices are measured by the lencal foot ; but as va- 
rious kinds of cornices require more or less difiiculty in the 
execution, the price must depend on the labour and the value 
of the materials used. 

Garden walls are measured the same as other walls, but if 
interrupted by piers) the thin part may be measured as in 
common walling, and the piers by themselves, making an 
allowance, at per foot run, for the right angles. The coping 
IS measured by itself, according to the kind employed. 

Paving is laid either with bricks or tiles, and is measured 
by the yard square. The price, per yard, is regulated by the 
manner in which the bricks or tiles ^re laid, whether flat or 
edge-ways, or whether any of them be laid in sand or mortar. 

The circular parts of drains may be reduced either to the 
standard, or the cubic foot ; and the number of rods may, if 
required,, be taken. The mean dimensions of the arch may 
be found, by taking the haff sum of the exterior and interior 
circumferences; but, perhaps, it were better to make the price 
of the common measure, whether it be a foot, a yard, or rod, 
greater as the diameter is less ; but as the reciprocal ratio 
would increase the price too much in small dianieters, perhaps 
prices at certain diameters would be a sufficient regulation. 

The following tables will be found an acquisition to those 
persons to whom a saving of time is an object : — 
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TABLE I. 

This Table shows what quantity of bricks are necessary to construct a piece 
of brick-work of any given dimensions, from half a brick to two bricks and a 
half in thickness; and by which the number for any thickness may be found. 

This Tabl6 is at the rate of 4500 bricks to the rod of reduced brick-work, 
including waste. 



Area of 
the face 
of walL 


The number of bricks thick and the quantity required. 


h brkk. 


1 brick. 


1| brick. 


2 bricks. 


2i bricks. 


1 


5 


11 


16 


22 


27 


2 


11 


22 


33 


44 


55 


3 


16 


33 


49 


66 


82 


4 


22 


44 


66 


88 


110 


5 


27 


55 


82 


110 


137 


6 


33 


66 


99 


'132 


165 


7 


38 


77 


115 


154 


193 


8 


44 


83 


132 


176 


220 


9 


49 


99 


148 


198 


288 


10 


ss 


HO 


165 


220 


275 


20 


110 


220 


330 


441. 


551 


30 


165 


330 


496 


661 


827 


40 


220 


441 


661 


882 


1102 


50 


275 


551 


827 


1102 


1378 


60 


330 


661 


992 


1323 


1655 


70 


386 


772 


1158 


1544 


1930 


80 


441 


882 


1323 


1764 


2205 


90 


496 


992 


1488 


1985 


2480 


100 


551 


1102 


1654 


2205 


2757 


200 


1102 


2205 


3308 


4411 


' 5514 


300 


1654 


3308 


4963 


6617 


8272 


.400 


2205 


4411 


6617 


8823 


11,029 


500 


2757 


5514 


8272 


11,029 


13,786, 


600 


3308 


6617 


9926 


13,235 


16,544 


700 


3860 


7720 


11,580 


15,441 


19,301 


800 


4411 


8823 


13,235 


17,647 


22,058 


900 


4963 


9926 


14,889 


19,852 


24,816 


1000 


5514 


11,029 


16,544 


22,058 


27,573 


2000 


11,029 


22,058 


33,088 


44,117 


55.147 


3000 


16,544 


33,088 


49,632 


66,176 


82,720 


4000 


22,058 


44117 


66,176 


88,235 


110,294 


5000 


27,573 


55,147 


82,720 


110,294 


137,867 


6000 


33,088 


66,176 


99,264 


132,352 


165,441 


7000 


38,602 


77,205 


115,808 


154,411 


193,014 


8000 


44,117 


88.235 


132,352 


176,470 


220,588 


9000 


49,632 


99,264 


148,896 


198,529 


248,161 


10,000 


55,147 


110»294 


165,441 


220,588 


275,735 


20,000 


110,294 


220*588 


330,882 


441,176 


551,470 


30,000 


165,441 


330,882 


496,323 


661,764 


827,205 


40,000 


220,588 


441,176 


661,764 


882,352 


1.102,940 


50,000 


275,735 


551,470 


827,205 


1,102,940 


1,378,675 


60,000 


330,882 


661.764 


992,646 


1,323,528 


1,654,410 


70,000 


386,029 


772,058 


1,158,087 


1,544,116 


1,930,145 


80,000 


441,176 


882,352 


1,323,528 


1,764,704 


2,205,880 


90,000 


496,3?3 


992,646 


1,488,969 


1,985,292 


2,481,615 
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The left-hand column contains the number of superficial 
feet contained in the wall to be built : the adjacent columns 
show the number of bricks required to build a wall of the 
different thicknesses ot i, 1, ll, 2, and 2i bricks. 

Example. Suppose it be required to find the number of bricks necessary 
to build a wall 1 brick thick, contidning. an area of 5760 feet ? First look 
for 5000 in the left-hand column, and you will find that it takes 55,147 
bricks, add to this quantity, the number necessary for each of the other 
component parts, and we shall have the following: — 
5000 will require 55,147 
700 ... . 7,720 
60 .... 661 



5760 



63,528 



TABLE II. 

Shows the number of rods contained. in any number of superficial feet, 
from 1 to 10,000, and from i a brick to 2i bricks; and thence by addition, 
to any number, and to any ^ckness, at the rate of 4500 bricks to the rod. 



Feet 
sup. 


i brick. 


1 brick. 


li brick. 


2 bricks. 


2i bricks. 




R.Q.P.In. 


R. Q.F.In. 


R. Q. F. In. 


R. Q. F. In. 


R.a.F.In. 


1 





4 


8 


10 


14 


18 


2 





8 


14 


00 2 


2 8 


3 4 


3 





1 


2 


3 


4 


5 


4 





1 4 


2 8 


4 


5 4 


6 8 


5 





1 8 


3 4 


5 


6 8 


8 4 


6 





2 


4 


6 


8 


10 


7 





2 4 


4 8 


70 


9 4 


11 8 


8 





2 8 


5 4 


8 


10 8 


13 4 


9 





3 


6 


9 


12 


15 


10 





3 4 


6 8 


10 


13 4 


16 8 


11 





3 8 


7 4 


11 


14 8 


18 4 


12 





4 


8 


12 


16 


20 


13 





44 


8 8 


13 


17 4 


21 8 


14 





4 8 


9 4 


14 


18 8 


23 4 


15 





50 


10 


15 


20 


25 


16 





5 4 


10 8 


16 


21 4 


26 8 


17 





5 8 


11 4 


17 


22 8 


28 4 


18 





6 


12 


0'18 


24 


30 


' 19 





6 4 


12 8 


19 


25 4. 


31 8 


20 





6 8 


13 4 


20 


26 8 


33 4 


21 





70 


14 


21 


28 


35 


22 





74 


14 8 


22 


29 4 


36 8 


23 





7 8 


15 4 


23 


30 8 


38 4 


24 





^0 


16 


24 


32 


40 


25 





%4 


16 8 


25 


33 4 


41 8 


2^ 





8« 


17 4 


26 


34 8 


43 4 


27^ 


00 


9 


18 


27 


36 


45 


28 


90 


94 


18 8 


28 


37 4 


46 8 


29 





9 8 


19 4 


29 


38 8 


48 4 


30 


10 


00 20 


300 


40 50 


31 


10 4 


20 8 


31 


41 4 


51 8 
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Feet 
sup. 


4 brick. 


1 brick- 


IJ brick. 


2 bricks. 


24bricka. 




R. a. F. In. 


R. Q. F. In. 


R. a. F. In. 


R.Q.F.In. 


R. Q.F.In. 


32 


10 8 


21 4 


32 


42 8 


53 4 


33 


11 


22 


33 


44 


55 


34 


11 4 


22 8 


34 


45 4 


56 8 


35 


11 8 


23 4 


35 


46 8 


58 4 


36 


12 


24 


36 


48 


•0 60 


37 


12 4 


24 8 


37 


49 4 


61 8 


38 


12 8 


25 4 


38 


50 8 


63 4 


39 


13 


26 


39 


52 


65 


40 


13 4 


26 8 


40 


53 4 


66 8 


41 


13 8 


Oo 27 4 


41 


54 8 


10 4 


42 


14 


6 28 


42 


56 


12 


43 


14 4 


28 8 


43 


574 


13 8 


44 


14 8 


Oo 29 4 


440 


58 8 


154 


45 


15 


30 


45 


60 


1 70 


46 


15 4 


Oo 30 8 


46 


61 4 


1 8 8 


47 


15 8 


Oo 31 4 


47 


62 8 


1 10 4 


48 


16 


Oo 32 


48 


64 


1 12 


49 


16 4 


Oo 32 8 


49 


65 4 


1 13 8 


50 


16 8 


33 4 


50 


66 8 


1 15 4 


60 


$0 


40 


60 


i 12 


152 


70 


00^4 


46 8 


12 


1 25 4 


1 48 8 


80 


QO S6 8 


53 4 


6 1 12 


1 38 8 


1 65 4 


90 


30 


60 


1 22 


1 52 


2 14 


lOO 


33 4 


66 8 


1 32 


; 65 4 


2 30 8 


200 


66 8 


1 05 4 


2 64 


3 62 8 


H 614 


300 


1 32 


2 64 


1 28 


1 1 60 


1 3 24 


400 


1 65 4 


3 62 8 


1 X 60 


13 S7 4 


2 1 54 8 


500 


2 30 8 


1 61 4 


1 3 240 


iJ 1 54 8 


3 17 4 


600 


2 64 


:. 1 60 
:. 2 58 8 


2 56 


2 3 52 


3 2 48 


700 


3 ^9 4 


2 2 20 


3 1 49 4 


4 1 10 8 


eoo 


3 62 8 


1 3 57 4 


2 3 52 


3 3 46 8 


4 3 41 4 


900 


1 1^8 


? 56 


3 1 16 


4 1 44 


52 40 


1000 


1 61 4 


^ i '54 8 


3 2 48 


4 3 414 
9 3 l4 8 


6 34 8 


200O 


^ 1 54 8 


4 3 41 4 


7 1 28 


12 X 1 4 


SUOO 


3 2 48 


7 1 28 


110 8 


14 2 56 


18 1 36 


4000 


4 3 41 4 


9 3 t4 8 


14 2 56 


19 2 29 4 


24 2 2 8 


5000 


6 34 8 


12 1 1 4 


18 1 36 


24 2 2 8 


30 2 37 4 


6000 


7 1 28 


14 2 56 


22 6 16 


29 1 44 


36 3 4 


7000 


8 2 21 4 


17 42 8 


25 2 64 


34 1 17 4 


42 3 38 8 


8000 


9 3 14 8 


19 2 29 4 


29 1 44 


39 58 8 


49 5 4 


9000 


11 8 


22 16 


33 24 


44 32 


55 4b 


10,000 


12 1 1 4 


24 2 2 8 


363 4 


49 5 4 


61 1 6 8 



The left hand column pontains the area of the wall in superficial feet; the 
adjacent column^ the quantity, reduced to the standard thickness, accord- 
ing to the different thicknesses on the top. 

Example. What is the quantity of reduced brick-work in a wall con- 
taining 4540 superficial feet, 2 bncks thick? 

Divide the number as in the preceding table, into its component parts, 
say 4540 s: 4000 -f 500 + 40, then by the table. 

R. Q. F. In. 

4000 contains 19 2 29 4 

500 .. . 2 1 54 8 

40 . . . 53 4 



22 1 14 



( 
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The same by rule. 



4540 

4 number of half bricks. 



3) 18160 ( 



R. Q. F. In. as above. 



272) 6053 + 4 (22 1 1 4 
544 

613 
544 

i of a rod 68) 69 (1 
68 



TABLE III. 

Shows the value of reduced brick-work per rod, calculated at the se- 
veral prices of £3 Ss. £3 10a, £3 ISs. £4> Os. £4 Ss. and £4 lOtf. per rod for 
mortar, labour, and scaffolding; and of bricks from £1 10a, to £3 Oa. per 
thousand; allowing 4500 bricks to the rod. 





"" 


Mortar and 


Mortar and 


Mortar and 


Mortar and 


Mortar and 


Mortar and 


Bricks per 


Labour 


Labour 


Labour 


Labour 


Labour 


Labour 


thousand. 


3i.5». 




31. 10s 




31, 15s 




41,08 




41.5s. 




41, 10s, 






per rod 




per rod 




per rod 


*. 


per rod 


. 


per rod 


1. 


per rod. 


£. a. 


d. 


£. *. 


d. 


£. a. 


d. 


£. *. 


1, 


£. *. 


d. 


£. *. 


d. 


£. 8. d. 


I 10 





10 





10 5 





10 10 





10 15 





11 





11 5 


1 12 





10 9 





10 14 





10 19 





11 4 





11 9 





11 14 


1 14 





10 18 





11 3 





U 8 





11 13 





11 18 





12 3 


1 16 





11 7 





11 12 





11 17 





12 2 





12 7 





12 12 


1 18 





11 16 





12 1 





12 6 





12 11 





12 16 





13 1 


2 





12 5 





12 10 





12 15 





13 





13 5 





13 10 


2 2 





12 14 





12 19 





13 4 





13 9 





13 14 





13 19 


2 4 





13 3 





13 8 





13 13 





13 18 





14 3 





14 8 


2 6 





13 12 





13 17 





14 2 





14 7 





14 12 





14 17 


2 8 





14 1 





14 6 





14 11 





14 16 





15 1 





15 6 


2 10 





14 10 





14 15 





15 





15 5 





15 10 





15 15 


3 12 





14 19 





15 4 





15 9 





15 14 





15 19 





16 4 


2 14 





15 8 





15 13 





15 18 





16 3 





16 8 





16 13 


2 16 





15 17 





16 2 





16 7 





16 12 





16 17 





17 2 


2 18 





16 6 





16 11 





16 16 





17 1 





17 6 





17 11 


3 





16 15 





17 





17 5 





17 10 





17 15 





18 



Example. What is the price of a rod of brick-work, when the rate of 
bricks is £2 2a, per thousand, and the price of mortar £4 5a, per rod? 

Look from the g^ven column of bricks until you come under £4 5a, the 
given price of labour and mortar, and you will find £13 148, the price of 
the rod. 

Vol. II.— a 
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CARPENTRY. 

This branch of building comprises the art of employing 
timber in the construction of edifices. ^ 

The art of employing timber in building may be classed 
under two distinct branches, Carpentry and Joinery. 

Carpentry comprehends the large and rough description of 
work, or that which is requisite in the construction and stabi- 
lity of an edifice ; and Joinery ^ the fittings up and decorative 
work, so necessary to the completion of a building. 

Carpentry is, in general, valued by the cubical foot ; and 
joinery by the superficial foot. 

The principal operations which timbers have to undergo, 
from the time of their arrival in the carpenter's yard to their 
final destination in an edifice, may be classed under two gene- 
ral heads ; those which respect individual prices, and tbpse 
which respect their dependence on others, ^ 

Under the former of these heads is the pit-saw, by mew8 
of which whole pieces of timber are divided, and reduced 
into their respective sized scantlings. 

The term scantling implies dimensions in breadth and 
thickness, without any regard to length. 

Planing is the operation by which wood is reduced to a 
smooth ai^ uniform surface, by means of an instrument call- 
ed a plane, which takes a thin shaving off the surface of the 
wood, as it is moved backwards and forwards in a straight 
line by the hands of the workmen. There are, however, other 
operations of the plane besides that of reducing timber to an 
uniform and smooth surface, termed grooving^ rebating^ and 
moulding. 

Chrooving is forming a channel on the surface of a piece of 
wood, by taking away so much of the solid as is of the shape 
and size of the groove required. 

RabcUingj or rebatingy is reducing a piece by taking away 
from the angles a prism of the shape and size of the rabate 
required, so as to form an internal angle, and generally a 
right angle- This operation is frequently required in con- 
structing door cases, and the frames of casement windows : 
the rabate, or groove, being intended as a ledge for the door 
or casement to rest in. 

The pieces being cut into their proper scantlings, the next 
operation is the joining them together. 
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In ibis department we shall treat, first, of the most approved 
methods of lengthening beams, by what is termed scarfing or 
joining them in pieces; secondly, ofthe strengthening of beams 
by trussing ; thirdly, of the methods of joining two timbers 
at angles, in any given direction ; and lastly, ofthe mode of 
connecting several timbers in order to complete the design, 
and to efiect certain powers respectively required by each in- 
dividual piece. 

To lengthen a piece of timber implies the act of joining or 
fastening two distinct pieces, so that a part ofthe end of one 
shall lap upon the end of another, and the surfaces of both, 
being one continued plane, form a close joint, called -by 
workmen a scarf. It is manifest, that two bodies, joined 
together and intended to act as one continued piece, in a 
state of tension, or compression, cannot, by any possible 
means, be so strong as either pieces taken separately. It, 
thet^fore, requires much attention, and careful discrimination, 
in the choice and selection of such methods as are the most 
applicable to the peculiar circumstances ofthe case. Every 
two piecesof timber joined in the manner thus described, and, 
indeed, in most other cases, require some force to compress 
them equally on each side, and more particularly when the 
pieces are light ; for this purpose iron bolts are used, which 
act as a tie, and possess the same efiect as two equal and 
opposite forces would have in compressing the beam on each 
side the joint: and as the cohesive power of iron is very great, 
the hole, which is made to receive the bolt, may be ofsuch 
dimensions as will not, in the least degree, tend to diminish 
the strength ofthe timber. When wooden pins are used, the 
bore is larger, and the joints weaker ; consequently the two 
pieces, thus connected, are not held together by any coi^-y 
pression ofthe pin, but merely by the motion ofthe indivH" 
dual pieces. 

No specific distance can be laid down for the length ofthe 
scarf, though, in general, it may be observed, that a long 
scarf has but little efifect in diminishing the cohesive strength 
of a compound piece of timber ; on the contrary, it aflfords an 
opportunity of increasing the number of bolts. 

Fig. 558 shows the method of joming two pieces of timber by means of a 
single step on each piece. 

By this method more than one-half the power is lost ; and 
this scarf is not calculated to resist the force of tension equal 
to a single piece sawed half through its thickness from the 
opposite sidei at a distance equal to the length of the scarf; 
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by the application of straps, however, it may be made to re- 
sist a much greater force. 

Fig. 559 represents a scarf with parallel joints, and a single table upon 
each piece. 

In this the cohesive strength is decreased in a greater de- 
gree than the preceding example, by the projection of the ta- 
ble; but this affords an opportunity of driving a wedge through 
the joint between the ends of the tables, and thereby forcing 
the abutting parts to a joint. 

A scarf of this description to be longer than those which 
have no tables, and the tranverse parts of the scarf, must be 
strapped and bolted. 

Fig. 560 presents us with the same opportunity of wedging as before. 

In this fig^e, if the parts L M and N O be compressed together by bolts 
as firmly as if they were but one piece, and if the projection of the tables 
be equid to the transverse parts of the joints L and O, the loss of strength, 
compared with that of a solid piece, will be no more than what it would be 
at L and O. 

Strapping across the tranverse part of the joint is much the 
best and most efTectual way of preventing the pieces from 
being drawn from each other, by the sliding of the longitu- 
dinal parts of the scarf, and, therefore, giving to the bolts an 
oblique position. 

Fig. 561 is a scarf formed by several steps. 

In this, if all the transverse parts of the steps be equal, and 
the longitudinal parts strongly compressed by bolts, the loss 
of strength will only be a fourth, compared to that ofa'solid 
piece, there being four transverse parts, that is, the part which 
the end of the steps is of the whole. 

* Fig. 562 is a scarf with a bevel joint, and equally as eligible for ordinary 
purposes as any in use. 

Figs. 561 and 563. Scarfs intended for longer bearings than the preced- 
ing one. 

Fig. 564 represents the method of constructing a compound timber, when 
two pieces are not of adequate length to allow them to lap, by means of a 
third piece joined to both by a double scarf, formed by several g^radations or 
steps, the pieces abutting upon each other with the middle of the connect- 
ing piece over their abutment. 

That which shall next claim our attention is a considera- 
tion of the principles and the best methods of strengthening 
beams by trussing. 

When girders are extended beyond a certain length, they 
bend under their own weight, and the degree of curvature 
increases in a proportion far greater than that of their 
lengths. The best method to obviate this sagging^ as it is 
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termed, without the support of posts, &c. is to make the 
beam in two equal lengths, and insert a truss, so that when 
the two pieces are confined together by bolts, the truss may 
be included between them, and cause them to act as a tie. 
To prevent any unfavourable results from natural tendency 
of the timbers to shrink, the posts of the truss may be made 
of iron, and screwed and nutted at the ends ; and to give 
a still stronger abutment, the braces may be let in with 
grooves into the side of each flitch, or piece, which form 
the beam. The ends of the abutments are also made of 
iron, screwed, or nutted, at each of the ends, and bolted 
through the thickness of both pieces, with a broad part in 
the middle, that the braces may abut upon the whole di- 
mension of their section ; or, otherwise, the abutments are 
made in the form of an inverted wedge at the bottom, and 
rise cylindrically to the top, where they are screwed and 
nutted. 

These methods may be constructed either with one king- 
bolt in the middle, or with a truss-bolt at one-third of the 
length from each end. When two bolts are applied, they in- 
clude a straining place in the middle. The Wo braces may 
be constructed of oak, or cast or wrought iron ; but the latter 
material is seldom used : for, as all metals are liable to con- 
tract, wood is considered the best material. With respect 
to the bolts, iron is indispensable. 

The higher the girder is, the less are the parts liable to 
be effected by the stress ; and, consequently, the risk of their 
giving way under heavy weights, or through long bearings, 
is less. 

Fig^. 565 and 566 are two examples of girders calculated from their rise 
to sustain very heavy weights. If the tie beam be very strong, the abut- 
ments may be wedged; but the wedges ought to be very long, and a little 
taper, that there may be no inclination to rise. The excess of length may 
afterwards be taken off. 

In joining two timbers together, in any given direction, 
the joinings, as practised by carpenters, are almost infinitely 
various; and though some are executed with a view merely 
to gratify the eye, the majority have decided advantages, 
and each, in peculiar cases, is to be preferred. In this 
treatise, our limits will not permit us to enter upon a de- 
scription of such as yield no substantial benefit, or are em- 
ployed only in connecting small work ; but, even in these, 
the skill of the workman may at all times be discovered by his 
selection of materials. It may here be observed, that, as 
all timber is either more or less, according to the dryness^ 
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and the quality of the timber used, subject to shrink, the 
carpenter should very carefully consider how much the di- 
mensions of his framings will be effected by it, and so arrange 
the inferior pieces that their shrinkage shall be in the same di*" 
rection as the shrinkage of the framing, and so conduce to 
the greater stability of the whole. If this be not attended 
to, the parts will separate and split asunder. 

Two pieces of timber may be connected either by making 
both planes of contact parallel with or at right angles to the 
fibres, or by making the joint parallel with the fibres of the 
one piece, and at right or oblique angles to the other, or at 
oblique angles to the fibres of both pieces. 

If two pieces of timber are connected^ do that the joint 
runs parallel with the fibres of both, it is called a longUuM-' 
nal joint; but when the place of the joint is at right angles 
to the fibres of both, an abutting joint. Butting and mitre 
joints are seldom used in carpentry. 

When two pieces of timber are joined together at one or 
more angles, the one piece will meet the other and form one 
angle, or by crossing it make two angles, or the two pieces 
will cross each other and form four angles. 

In all the following cases of connecting two timbers^ it is 
supposed, that the sided of the pieces are parallel with the 
fibres, or, when the fibres are crooked, as nearly so as possi- 
ble; and that each piece, the four sides being at right angles 
to each other, has at least one of its surfaces in the same plane 
with those of the other. Th6 angle or angles so formed will 
be either right or obtuse. 

Fig^. 567 is an example of a notched joint, which is the most common 
and simple form, and, in some cases, the strongest for joining two timbers 
at one or more angles, particularly when bolted at the joint. The fwm of 
the joint maj be varied, accordin^^ to the position of the sides of the piecesi 
the number of angles, the quantity and direction of the stress on the one 
or both pieces, or by any combination of their circumstances. Notching ad- 
mits two pieces to be joined at from one to four angles; but joining by 
mortise and tenon admits only fix)m one to two angles. 

In joining by mortise and tenon, four sides of the mortise 
should, if possible, be at right angles to each other, and to 
the surface whence it is recessed, and two of these sides 
parallel with each of the sides which forms a right angle 
with the side from which the mortise is made : the fifth plane, 
that is, the bottom of the mortise, is parallel with the top or 
surface from which the mortise is made. Four sides of the 
tenon should be parallel to the four sides of the piece ; but 
there are many cases where a digression is unavoidable. 
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In the application of timbers to buildings, we will here sup- 
pose, that all pieces cut for use have a rectangular section, 
and when laid down, have their sides perpendicular to, and 
parallel with, the horizon. Iftwo pieces of timber, therefore, 
ore to be joined at four angles, cut a notch in one piece equal 
to the breadth of the other, so as to leave the remaining part 
of ti)^ thickness sufficiently strong, and insert the other piece 
in the notch ; or, if the work is required to be very firm, notch 
each piece reciprocally to each other's breadth, and fasten 
them together by pins, spikes, or bolts, as the case may re- 
quire. This form is applicable when the pieces are equally 
exposed to a strain. 

Tl^. 568 will fully elucidate this description of joint. 

The framing of timber by dove-tail notching is principally 
applicable to horizontal framing, where the lower timber is 
sufficiently supported. Where the lower timber is unsupport-. 
ed it is common to use mortise and tenon, which does not 
materially weaken the timber ; but when the timber is notched 
from the upper side, the operation reduces its thickness, and 
consequently impairs its strength, though, if the solid of oiie 
piece 611 the excavation of the other, and both be lightly driven 
or forced together, according to Du Hamel, it will, if not cut 
more than one-third through, rather increase than decrease 
in ftrength. It may, however, be observed, that in large 
works, where heavy timbers are employed, it is difficult, and 
almost impossible, to fit the mortise and tenon with due accu* 
racy ; and even if the joints were closely fitted at first, the 
shrinking would occasion cavities on the sides, that would 
render the tenons of no avail, because the axis of fracture 
would be nearer to the breaking or under^side of the support- 
ing piece. What has been here said with respect to timbers 
placed horizontally, applies to framing in every positiorl, wkm 
the force is to fall on the plane of the sides; and if a number 
of pieces thus liable to lateral pressure on either aide, are to 
be framed into two other stifi* pieces, the mortise and tenon 
will prove b^t for the purpose. 

If it be required to connect two pieces of timber ao as 4o 
form two right angles, and to be immovable, when tbi9 
transverse is held or fixed fast, and the standing piece pulled 
in a direction of its length, cut a dove-tail notch across the 
breadth of the transverse piece, and notch out the vertical 
aides of the striding piece at the end, so as to form a similar 
and equal solid. In some kinds of work, besides the dove- 
tail| an additional notch is cut to receive the shoulder of 



128 THE OPERATIVE MECHANIC 

the lower piece. ^ If the position of these pieces be hori- 
zontal, and the upper is of sufficient weight, or is pressed 
down by any considerable force, when the pieces are placed 
together, the dove-tail will be sufficiently strong without 
the assistance of pins, spikes, or bolts. This construction 
requires the timbers to be well seasoned; for otherwise 
the shrinking will permit the standing piece to be drawn out 
of the transverse, and thus defeat the purpose of the con- 
struction. 

In introducing binding joists, which will, a$ they have to 
support the bridging joists and boarding of the floor, be 
framed into girders, there will be a considerable strain at the 
extremities, so that it.is necessary, in order to make the tenons 
sufficiently strong, to have a shorter bejaring tenon attached 
to the principal tenon, with a sloping shoulder above, called 
a tusky which term is likewise applied to this tenon, called 
the tusk tenon. 

When two parallel pieces, which are quite immovable, 
are to have another piece framed between them, the prin- 
ciple is, to insert the one end of the tenon of the piece to be 
framed in a shallow mortise, and make a long mortise in the 
opposite side of the other timber ; so that when the cross 
piece is moved round the shoulder of the other extremity as 
a centre, it may slide home to its situation. This mode of 
framing a transverse piece between two others, is employed 
in trimming in ceiling joists, which joists are seldom or 
never cut and fitted into the binding joists before the build- 
ing is covered over. The binding joists are always mortised 
before they are disposed in the situation to receive the ceiling 
joists. 

When a transverse piece of timber is to be framed between 
two parallel joists, whose vertical surfaces are not parallel, 
turn the upper edge of the transverse piece downwards 
upon the upper horizontal surface of the joints, mark the in- 
terval, or distance between them, upon the surface of the 
transverse piece now under ; then placing the edge over the 
place where it is intended to let down, turn the transverse 
piece in the way it is intended to be framed, apply a straight 
edge to the oblique surface of the joist, and slide the trans- 
verse piece so as to bring the mark on the upper side of it on 
a line with the straight edge, which being done, proceed 
in the same manner with the other end, and the two lines 
drawn on the vertical sides of the intermediate piece will 
give the shoulders of the tenons. This act of framing a 
transverse joist between two others is termed tumbling in 
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joists; and is particularly useful when the timber is warped 
or twisted. 

In order that the reader may the more fully understand the 
preceding description of the joinings of timbers, we have 
annexed a plate, (to which the subjoined description refers,) 
of the best methods now in practice. 

Pig. 467. No. 1 and 2, and 3 and 4, exhibit two methods of a simple joints 
where the two pieces are halved upon each other; in both of which the end 
of one piece does not pass the outer surface of the other. No. 3 and 4 re- 
present the two pieces before put together. 

Fig. 568 is a method of joining timber, when the end of one piece passes 
the end of the other at a small distance. No. 1 represents the pieces be- 
fore joined. 

Fig. 569 shows how two pieces may be joined by what is termed a mche. 
— ^In this case, the two pieces should be fixed to another by a bolt at right- 
angles to the niche joint. 

Fig. 570. How one piece of timber may be joined to another, when one 
of the pieces is extended on both sides of the other piece. Nos. 1 and 2 
show the pieces before put together. 

Fig. 571 shows the manner of joining the binding joists and girders. 
No. 1. The binding joist prepared for being joined to the girder. 

Fig. 572 is the general and most approved method of framing the nrfter 
foot into the g^er. 

Fig. 573 is a section of the beam, showing the diflTerent shoulders of the 
rafter foot. 

Fig. 574 is another example, preferable to the former, because the abut- 
ment of the inner part is better supported. In this the beam, when no 
broader than the rafter is thick, may be weakened, in which case it would 
require a much deeper socket than is here given; an advantage would 
be g^ned by introducing a joint like fig. 575. 

Fig. 576 is the method of introducing iron straps to confine the foot of the 
rafter to the tie-beam. 

When it is found necessary to employ iron straps for 
strengthening a joint, considerable attention is required to 
place them properly. The first thing to be ascertained is 
the direction of the strain. We must then endeavour, as 
near as we can, to resolve this strain into a strain parallel' 
to each piece, and another perpendicular to it. Then the 
strap which is to be made fast to any of the pieces, must be 
so fixed that it shall resist in the direction parallel to the 
piece. 

The strap which is generally misplaced, is that which 
connects the foot of the rafter with the tie-beam. It binds 
down the rafter; but does not act against its horizontal 
thrust. It should be placed farther back on the beam, 
and have a bolt through it, to allow it to turn round ; and 
should embrace the rafter almost horizontally near the foot, 
and be notched square with the back of the rafter. The 
example given in No. 10 combines these requisites. By 
Vol. II.— R 
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moving round the eye-bolt, it follows the rafter, and can* 
not pinch and cripple it, which it always does in its ordi- 
nary form. Straps which have eye-bolts on the very angles, 
and allow motion round them, are considered the most 
perfect. 

Fig. 577 exhibits two methods of connecting the struts of a roof, or par- 
tition, &c. with the king-post. 

If the action of a piece of timber on another does not ex- 
tend, but compress, the same, there is no difficulty whatever 
in the joint, indeed joining is unnecessary : it is enough that 
the pieces abut on each other ; and we have only to take care 
that the mutual pressure be equally J>orne by all the parts, 
and that no lateral pressure, which may cause one of the pieces 
to slide on the butting joint, be produced. At the joggle of 
a king-post, a very slight mortise and tenon, with a rafter, or 
straining beam, is sufficient. It is generally best to make the 
butting plain, bisecting the angle formed by the sides, or 
else perpendicular to one of the pieces. For instance, the 
joint a is preferable to 6, and, indeed, to any uneven joints, 
which never fail to produce very unequal pressures, by 
which some of the parts are crippled, and others splin- 
tered off. 

Fig. 578 is the method of securing the tie-beam and principles, when the 
king-post is made of an iron rod. 

Fig. 579 shows a method of joining the principals with the king-post by 
means of an iron dove-tail, which is received in a mortise at the head of 
each principal. 

Trusting that the reader will be able, from the above de- 
scription, to comprehend the best method of joining timbers, 
we shall next proceed to describe the modes of connecting 
several timbers, in order to complete the design, and to 
effect certain powers respectively required by each individual 
piece. 

In framinj^ centres for groins, the boarding which forms the 
interior surface is supported by transverse ribs of timber, 
which are either constructed simply, or with trusses, accord- 
ing to the magnitude of the work ; and, as a groin consists 
generally of two vaults intersecting each other, one of them 
is always boarded over the same as a plain vault, without 
any respect to the other, which is afterwards ribbed and 
boarded so as to make out the regular surface. 

Timbers inserted in walls, and at returns, or angles, are 
joined together where the magnitude of the building or ex- 
posure to strain may require. There are three denomina- 
tions, viz. bond timber^ iifUels^ and wall-platea. 
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Flooring is supported by one or more rows of parallel 
beams, called naked, or carcase floorings and is denominated 
either single or double. During the construction of the 
building, the flooring, if not supported by walls or partitions, 
must be shored. The framing of flooring, whether single 
or double, depends upon the magnitude of the building, the 
horizontal dimensions of the apartments, or the stress with 
which the surface of the boarding is likely to be affected. 
When the flooring is intended to be very stiff and firm, it is 
necessary to introduce truss girders. Naked flooring, for 
ball-rooms, should be framed very strong, and the upper part 
contrived with a spring, to bend with the impression of the 
force, while the lower part, which sustains the ceiling, re- 
mains immovable. 

Partitions are constructed of a number of pieces of tim- 
ber, called scatdling, placed vertically, at a specified distance 
from each other, dependent on the purposes for which it is 
intended to answer. If to support girders, they should be 
trussed, and afterwards filled in with parallel pieces, called 
studs. 

The framing ought to be so contrived, as to supersede the 
necessity of hanging up the floor, in whatever situation the 
doors may be placed. Truss partitions are also of the great- 
est utility in supporting floors which are above them. 

The rafters which support the covering in a roof are sus- 
tained by one, two, or several pieces of framing, called a 
pair of principals f placed at right angles to the ridge of the 
roof. In roofing, many ingenious contrivances are resorted 
to, their application depending upon the pitch of the roof, 
the number of compartments into which it may be divided, 
and the introduction of tie-beams. In cases where apart- 
ments are required to be within the framing of the roof, and 
it is inconvenient to introduce tie-beams, the sides of the roof 
may be prevented from descending, by arching them with 
cast-iron, or trussing them with wood in the inclined planes 
of their sides. To restrain the pressure of the rafters, which 
would be discharged at the extremities of the building, a 
strong wall-plate, well connected in all its parts, must be in- 
troduced, to act as a tie, and prevent the lateral pressure from 
forcing out the walls. 

In this construction, as well as in the former, the rafters 
would have a tendency to become hollow, so that it is 
necessary, in order to counteract this tendency, to introduce 
straining beams at convenient heights; and if it be requisite 
to occupy very little space by the wood-work, cast-irou 
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arcbesy abutting upon each other, and screwed with their 
planes upon the upper sides of the rafters, are best adapted 
for the purpose. If this and the former principle were adopt- 
ed, the combined effect would be very great. 

We shall now present the reader with a few practical ob- 
servations. 

Timber, except it stand perpendicular to the horizon, is 
much weakened by its own weight. The bending of timber 
is nearly in proportion to the weight laid on it. No beam 
ought to be trusted for any long time, with above one-third or 
one-fourth part of the weight it will absolutely carry; for ex- 
periments prove, that a far less weight will break a piece of 
timber when hung to it a considerable time, than is sufficient 
to break it when first applied. 

The strain occasioned by pulling timber in the direction 
of its length, is called tension. It frequently occurs in roofs, 
and is therefore worthy of consideration. 

The absolute strength of a fibre, or small thread of timber, 
is the force by which every part of it is held together, and is 
equal to the force that would be required to pull it asunder. 
The force re(][uired to tear any numiber of threads asunder, is 
proportional to that of their sum; but the areas of the sec- 
tions of two pieces of timber, composed of fibres of the same 
kind, are as the number of fibres in each; therefore, the 
strength of the timber is as the areas of the sections. Hence 
all prismatic bodies are^ equally strong ; that is, they will not 
break in one part rather than in another. 

Bodies which have unequal sections, will break at their 
smallest part; therefore if the absolute strength required to 
tear a square inch of each kind of timber be known, we shall 
be able to determine the strength of any other quantity 
whatever. 

The wood next to the bark, commonly called white or 
bka, is also weaker than the rest: and the wood gradually 
increases in strength as we recede from the centre to the 
blea. 

The heart of a tree is never in its centre, but always near- 
er to the north side, and on that side the annual coats of 
wood are thinner. In conformity to this, it is a general 
opinion among carpenters, that that timber is strongest 
whose annual plates are thickest. The TracheiBy or air- 
vessels, are weaker than the simple ligneous fibres. These 
air-vessels make the separations between the annual plates, 
and are the same in diameter, and number of rows, in 
all trees of the same species ; consequently, when these 
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are thicker, they contain a greater proportion of the simple 
ligneous fibre. 

The wood is stronger in the middle of the trunk than at 
the springing of the branches, or at the root ; and the wood 
of the branches is weaker than that of the trunk. 

The part of the tree towards the north, in the European 
climates, is the weakest, and that of the south side the 
strongest : and the difference is most remarkable in hedge- 
row trees, and such as grow singly. 

All description of wood is more tenacious while green; 
and loses very considerably by drying, after the tree is 
felled. 

We shall now conclude these remarks with the following 
useful problem. 

Fig. 580. To cut the strongest beam possible out of a round tree whose 
section is a given circle. Let ab cdhe the section of the tree ; draw the 
diameter c b, divide it into three equal parts, e and f, and from one of 
them, as ^ draw / a perpendicular to the diameter c 5; draw a h and 
a c, — Jrfand d c, and a h e d is the strongest piece that can be cut out 
of the tree. From this it is manifest, that the strongest beam which can be 
cut out of a round tree, does not contain the most timber, for the greatest 
rectangle that can be inscribed in a circle is a square, and therefore the 
square g h i k \8 greater than the rectangle abed, and yet is not the 
strongest 

Fi^. 581. Plan of a floor. — 1 Girder resting upon the walls. — 2. Bridg- 
ing joists. — 3. Binding joists.^-4. Trimmers. 

Nos. 1 and 2, sections of the floor. • 

Fig. 582. A trussed partition with an opening in the middle for folding 
doors. — l.Head. — 2. Sill. — ^3. Posts.— 4. Braces. — 5. Studs. — 6. Door-head. 
— ^This partition, as may be seen, supports itself. 

Fig. 583. A simple trussed roof. 

DEFINITIONS. 

Wall-plates ; pieces of timber laid on the wall, in order to 
distribute equally the pressure of the roof, and to bind the 
walls together. They are sometimes called raising-plates. 

Tie-beam; a horizontal piece of timber, connected to two 
opposite principal rafters ; it answers a two-fold purpose, 
Tiz. that of preventing the walls from being pushed outwards 
by the weight of the covering, and of supporting the ceiling 
of the rooms below. When placed above the bottom of the 
rafters, it is called a collar-beam. 

PrindpaUraJlers ; two pieces of timber in the sides of the 
truss, supporting a grated frame of timber over them, on 
which the covering or slating rests. 

Purlines; horizontal pieces of timber notched on the prin- 
cipal rafters. 
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Common rafters; pieces of timber of a small section, 
placed equidistantly upon the purlines, and parallel to the 
principal rafters : they support the boarding to which the 
slating is fixed. 

PoU'plates; pieces of timber resting on the ends of the 
tie-beams, and supporting the lower ends of the common 
rafters. 

King-post; an upright piece of timber in the middle of a 
truss, framed at the upper end into the principal rafters, and 
at the lower end into the tie-beam : this prevents the tie- 
beam from sinking in the middle. 

Struts; oblique straining pieces, framed below into the 
king-posts, or queen-posts, and above into the principal raf- 
ters, which are supported by them } or sometimes they have 
their ends framed into beams, that are too long to support 
themselves without bending, they are often called braces. 

Other pieces of timber are introduced in roofs of a greater 
span ; which we shall here describe. 

Queen-posts; two upright pieces of timber, framed be- 
low into the tie-beam, and above into the principal rafters ; 
placed equidistantly from the middle of the truss, or its ex- 
tremities. 

Puncheons; short transverse pieces of timber, fixed be- 
tween two others for supporting them equally ; so that when 
any force operates on the one, the other resists it equally ; 
and if one break the other will also break. These are some- 
times called studs. 

Straining-beam ; a piece of timber placed between two 
others, called queen-posts, at their upper ends, in order to 
withstand the thrust of the principal rafters. 

Straining-dll ; a piece of timber placed upon the tie-beam 
at the bottom of two queen-posts, in order to withstand the 
force of the braces, which are acted upon by the weight of 
the covering. 

Camber-beam ; horizontal pieces of timber, made on the 
upper edge sloping from the middle towards each end in an 
obtuse angle, for discharging the water. They are placed 
above the straining-beam in a truncated-roof, for fixing the 
boarding on which the lead is laid : their ends run three or 
four inches above the sloping plane of the common rafters, 
in order to form a roll for fixing the lead. 

Auxiliary rafters ; pieces of timber framed in the same 
vertical plane with the principal rafters, under, and parallel 
to them, for giving additional support. They are sometimes' 
called principal braces, and sometimes cushion rafters. 
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Joggles ; the joints at the meetings of struts, with king- 
posts, queen-posts, or principal rafters ; or at the meeting of 
principal rafters with king and queen-posts : the best form is 
tb^t which is at right angles to the struts. 

Cocking^ or Cogging ; the particular manner of fixing the 
tie beams to the wall-plates. 

There are a variety of roofs differing in form, according to 
the nature of the plan, and the law of the horizontal and ver- 
tical sections. 

The most simple form of a roof is that which has only one 
row of timbers arranged in an inclined plane, and throws the 
rain entirely on one side. This description of roof is termed 
a shed-roof i or kan-to. 

If the plan of the roof be a trapezium, and the tops of the 
walls properly levelled, the roof cannot be executed in plane 
surfaces, so as to terminate in a level ridge ; consequently, 
the sides, instead of being planes, are made to wind, in or- 
der to have the summit parallel to the horizon ; but the best 
plan is, to make the sides of the roofs planes, enclosing a 
level space or flat, in the form of a triangle or trapezium, at 
the summit of the roof. Roofs which are flat on the top, are 
said to be truncated: they are chiefly employed with a view 
to diminish the height, so as not to predominate over that of 
the walls. 

If all the four sides of the roof are formed by inclined 
planes, it is said to be hipped, and is therefore called a Aijipecl- 
roqf; and the inclined ridges, springing from the angles of 
the walls, are called hips. 

Roofs on circular bases, with all their horizontal sections 
circular, the centresof the circles being in a straight line, from 
the centre of the base perpendicular to the horizon, are call- 
ed roofs of revolution or revolved-roqfs. 

When the plan of the roof is a regular polygon, circle, or 
an ellipsis, horizontal sections being all similar to the base, 
and the vertical section a portion of any curve, which is con- 
vex on the outside, the roof is called a dome^ 

In roofs of rectangular buildings, when a saving of ex- 

Eense is of consequence, instead of a lead flat, which must 
e covered with lead or copper, a valley is introduced, which 
makes the vertical section in the form of the letter M, or ra- 
ther an inverted W ; hence it has obtained the name of dn M 
roof. 

The pitch of a roof, or the angle which its inclined side 
forms with the horizon, is varied according to the climate and 
the nature of the covering. 
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The inhabitants of cold countries make their roofs very 
high ; and those of warm countries, where it seldom rains or 
snows, very flat. But even in the same climate the pitch of 
the roof is greatly varied* Formerly the roofs were made 
very high, probably with the notion that the snow would slide 
ofi*easier ; but where there are parapets, a high roof is attend- 
ed with very bad efiects, as the snow slips down and stops 
the gutters, and an overflow of water is the consequence ; 
besides, in heavy rains, the water descends with such velocity, 
that the pipes cannot convey it away soon enough to prevent 
the gutters from being overflowed. 

The height of roofs at the present time is very rarely above 
one-third of the span, and should never be less than one-sixth. 
The most usual pitch for slates is that when the height is 
one^fourth of the span, or at an angle of 26| degrees with the 
horizon. Taking this as a standard, the following table will 
show the degree of inclination which may be given for other 
materials :— . 



Kind of covering. 



Inclination 
to tlie hori- 
zon in de- 
grees. • 



Height of 

roof in 

parts of 

span. 



Weight upon a 
square of roofing. 



Copper or lead 

Slates large 

Ditto ordinary. ..... 

Stone Slate 

Pl^n tiles 

Pan-tiles 

Thatch of straw, reeds 



Deg. Min. 

3 50 

22 

26 33 

29 41 

29 41 

24 
45 



1 



1 
S 
s 
T 
% 
T 
s 

1 



C copper 100 
tlead 700 

1120 
Cfrom 900 
dto 500 

2380 

irso 

650 



A roof for a span of from 20 to 30 feet may have a truss 
of the form shown in Fig. 683. Within this limit, the pur- 
lines do not become too wide apart, nor the points of sup- 
port of the tie-beam. 

For spans exceeding 30 feet, and not more than 45 feet, 
the truss shown in Fig. 564 is well adapted. Each purline 
is supported, consequently, there are no cross strains on the 
principal rafters ; and the points of support divide the tie- 
beams into three comparatively short bettings. The sag- 
ging, which usually takes place from the shrinking of the 
heads of the queen-posts, may be avoided by letting the end 
of the principal rafter abut against the end of the straining 
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hema A, and iKHchiflg pieees and boltrog them log^lher lb 
paitfi at efach joint. 

When the span exceeds 45 feet, and is not more than 60 feet, the trass 
shown in Fig. 585 is snfficiently strong for the ptirpose, and leaves a consi- 
derable degree of Ibee space in the middle* For this span the tie-betm wiH 
moat likely require to be scarfed, and as the bearing of that portion <^ th'^ 
tie-beam between a and b is short, the scarf should be made there. The 
middle part of the tie-beam may be made stronger by bolting the straining 
cill e to it 

It often occurs, that the centre aisles or naives of churc!he8 
ire higher than the side aisles; a similar effect, as when the 
tie-beam continues through, may be produced by cohnisct- 
ing the lower beams to the upper one, by means of braces, 
so that the whole may be as a single beam. To illustrate 
this mode of construction, we have given a design for a roof 
of a church, somewhat similar to St Martin's in the fieldst 
London. 

Pig. 596, the lower tte% A A, are so connected with the principal tie-beanot 
B, by means of th^ braces, a» a, that the foot of the principal rafters, e^ Cycsai' 
Qotipread withoat 9tretchii^ tiie tie-beam, B. The iro^-jrods, b, b, perform 
the office of king'posts to the ties, A, A, and are much better than timber, 
in consequence of the shrinkage, which in this situation would be rery ob- 
jectionable. 

Fig. 587 i9 a design for a roof of a churcli, or other building, requiring 
a MmicifQular arched ceiling. 

Domes derive their names according to the plans on which 
they are built, circular, elliptical, or polygpnal: of these» the 
ctrcular may be spherical, •pheroidal, ellipsoidal, byperboloi* 
dal, paraboloidal, &c. Those which rise higher than the ra- 
dius of the base, are called surmounted domes; those that are 
of a less height than the radius, diminished^ or ^irbased; and 
^ucb as have circular bases, cupolas. The most usual form 
for a dome lis the spherical, in which case the, plan is a circle, 
and the section a segment of a circle. 

The top of a large dome is often finished with a lantern, 
supported by the Framing 6f the dome. 

The interior and exterior forms of domes are seldom alike, 
and in the space between them, a Btaircase to the lantern is 
usually made. According to the space left between the exter- 
nal and internal domes, the framing must be designed. 
Sometimes the framing may be trussed with ties across the 
opening ; bat generally the interior dome rises so high that 
ties cannot be obtained. 

Fig. 588. No. 1, shows the construction of a dome without ties. This is the 
most simple method^ and one which is particularly applicable to domes of or- 
dinary dimensions. This example consists in placing a number of curved 

Vol. II.— S 
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tibfly BO that the lower ends stand upon and are veil framed into the IM at 
the base^ and the upper ends meet at the top> or are fi*amed into the upper 
kirb on which the lantern b placed. 

When it occurs, as it generally does, that the pieces are 
so long and so much curved, that they cani^ot be cut out of 
timber without being cut across the grain, so much as will 
weaken them, they should be put together in thicknesses, 
with the joints crossed, and well bolted together. 

No. 2, shows the ribs fixed, and bolted together, ^with horizontal rafters 
to receive the boarding on the exterior, and the laths on the interior.. 
These ribs should be placed about two feet, or two feet six inches apa^ 
at the base, and be composed of three or four thicknesses of one and a 
half inch-deal, about 11 or 12 inches wide, which, when carefully bolted 
together with the joints judiciously broken, will stand exceedingly firm and 
weH, 

To construct the ribs of a spherical dome, with eight axal 
ribs, and one purline in the middle. 

(Fig 589.) No. 1. Let A B C D £ be the plan of half the dome, which dl- 
Tide into four equal parts at B C D and £, these points of diybion will mark 
the centre of the back, or convex sides of fiie ribs. This being done, let B b^ 
C e, D if, be the plans of these ribs, with the points of division in the centre. 
F, G, H, I, K, are the seats of the upper ends of the ribs; on the upper kirb 
draw X y. No. 2, parallel to A £, then from the different seats of the ribs on 
the plan draw perpendiculars cutting x y. Draw the cill, x y, its intended 
thickness, and complete the elevation of the front and back ribs. The 
front ribs are quadrants, forming a semicircle on the upper side of the 
wall-plate, which, of course, is the diameter. The curves of the sides 
of each of the other ribs are the quadrants of an ellipsis of the same height 
with the front rib. Place the puriines in their intended situation, and 
having drawn the elevation and plan» as shown bj the dotted line, the con-^ 
struction is complete. 

The ribs of an elliptical dome are found precisely on the 
same principle. 

Given the plan of a polygonal dome, and one of the axal 
ribs, at right angles to one of the sides, to find the curve of 
the angle rib and the covering. 

Fig. 590. Let A, B, C, D, £, F, G, H, be the pkn of an octangular 
polygonal dome, and cab the g^ven rib; produce c a to <^ divide the curve 
line aB Ab into any number of equal parts, the more the better, in this 
case four, 1, 2, 3, b, which extend on the line a ds the first fi-om a to 1, 
the second from 1 to 2, &c.: from the pmnts of division, 1, 2, 3, b, draw lines 
parallel to B e, cutting C c, and from these points draw lines, parallel toed, 
or at right angles to B e, and through the points, 1, 2, 3, draw kl, mn, op, 
and tracing acurve through the points (^ jo, n, / C, and making domkB 
similar, then xfxe space comprehended between the curve lines dBe; and the 
side B C of the plan, will give the form of the whole covering, for each 
side of the dome. 

To find the hip-line of the angle-rib, whose base is C c. 

Draw C E, 2 ^, 1 / at right angles to c c, and make C E equal to c b. 
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2 1 equal 2 3, and 1 /equal to 1» 2» &c. and trace the cunre througlx tkeie 
points, and it mil give &e angle-rib. 

The method of covering spherical domes is, to suppose 
them polygonal, and the principle the same as the foregoing 
operation for an octangular dome. 

A ntcAe, is carpentry, is the wood»work to be lathed over 
for plastering. The general construction of niches is with 
cylindrical bacjks and spherical heads called cylindro-apheric 
niches ; the execution of which depends upon the principles 
of spheric section?. 

As every section in a sphere is a circle, and that section 
passing through its centre is equal, and the greatest that can 
oe formed by cutting the sphere ; it is evident, that if the 
head of a niche is intended to form a spherical surface, the 
ribs may be all formed by one mould, whose cuivature must 
(>e equal to that of the greatest circle of the sphere ; viz. one 
passing through its centre ; but the same spherical surface 
may, though not so eligible, be formed by ribs2of wood, 
moulded from the sections of lesser circles, in a variety of 
ways. 

The reason why these latter spherical surfaces are not so 
eligible as those of greater circles is, because their disposition 
for sustaining the lath is not so good, and the trouble of 
moulding them to different circles, and of forming the edges 
according to different bevels, in order to range them in the 
, spherical surface, is very great, compared with those made 
from great circles. 

The disposition of the ribs of niches is generally in a ver- 
tical plane, parallel to each other, or intersecting each other 
in a vertical line. When the line of intersection passes through 
the centre of a sphere, all the ribs are great circles \ but if 
the line of intersection does not pass through the centre of 
the sphere, the circles which from the spherical surface are 
all of different radii. When the ribs are fixed in parallel 
vertical planes, their disposition is either parallel to the face 
of the wall, or parallel to a vertical plane, passing through 
• the centre of the sphere, perpendicular to the surface of the 
wall ; but this method is not so eligible for the purposes of 
lathing. 

Another method is, by making the planes of the ribs pa- 
rallel to the horizon : this is not only attended with great 
labour in workmanship, but is incommodious for Fathing. 
The various positions in which the ribs of a niche may be 
placed, are very numerous; but the regular positions, already 
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efnunwttted, ought to be tfiodeto whteh the carpenter should 
direct his attention. 

To, i^i Mi the ribs for the head of a niche, all of them be- 
ittg inwrtical planes passing through the oentre^ufthe sphere. 

Fig. 591, No. 1. From the centre C draw the ground-plan of the ribs, and 
aet out as many ribs upon the plan as jou kitend to have in the head of the 
i^^he. Vfith th^ fopt of your compasses in C> and from the ends of elch rib^ 
at A said /, draw tlie sfnall concentric dotted circles round to the centre rib, 
at p and p, and draw o m, and p n, parallel to a b, the fiice of the wall; 
then from r rouhdto s on the plan is the leng& aiid sweiep of the centre 
tib to stand over; and from n round to 9 the length aii4 cinre of th#Tib thttt 
stands from b togf and from m round to s» the curve of the ^shortest rib, 
that stands ^rom ^to h on the plan. 

flipSTtt tQfini the; bevfil of th^ e$fds qjf the h$ck ribs against 
(h^frontirib. 

the back rib« are laid down distinct l;^ iJieiliselves, at A B* and C , 
Srflpn tbte plaa. T9kc h 1, in No, 1, and set it tabl^^X B, draw the per- 
pe^idigjlaiTs, and when they inteisect the rib> it will show the bevel requi^ 
eid* ' Tne same operation being done to C, the bevel is found in the same 
itianna*. 

The places of the back ribs whien fixed upon the front rib 
are ascertained bv drawing perpendiculars, and completing 
the eleva^oQ of tne niche^o. 2 from the plan. 

Zb fiand the. radius of curvature of the ribs of a spheriad 
iiHdfe^ uAe»the.r{bs M me^ in a vertical linej whieh divides 
tkafimt rS) inio two ,equal parts. 

Fig. 592, No. 1. Complete the circle, of which the inside of the plan is an 
10*0; produce the middle line of the plan of any rib, as of a 6, to meet the 
opposite side of the circumfierenee in h on the whole line a b^ at.adiameter> 
^aipt^fi a semici|^e» and fi^om the point e, when the rU>s intersect, draw a 
perpendicular* to c d, to meet the arc a c^at d^ which arc is the curve of the 
rib, whofie seat is d. The other rib, as A D, is found in the same manner. 
No. 2 is;Ae elevation of the niche. 

Pendentive cradlingy is a cove bracketing, springing from 
th,^ rectangular walls of an apartment upwards to the ceiling, 
80 as to form the horizontal part of the ceiling into a com- 
plete circle or ellipsis. 

The prpper criterion for such bracketing, if the walls are 
out by horizontal planes through the coved parts, is, that all 
the sections through such' parts will be portions of circles, or 
of ellipses, apd have their arcs proportioned to the sides of 
theapartmeni, so that e^ch section will be a compound figure. 
Besides having four curvilinear parts, it will have four 'Other 
|)»arts, which are pprtions of the sides of the rectangular apart- 
ment : and the axis of the ellipsis will bisect each side of the 
rectangle. 
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Fig. 59a. i^t A I^G D be thet plan of a room, or sti^iHsaae, to be brack- 
eted, so as to form the surface of a pendentiye ceiling; and let A 6 c D be 
the section across the diagonal; it is required to find the curvature of the 
springing ribs^ 

Draw C d perpendicular to A C, meeting A C, take the distance from O 
to the line A C, ai^d set it from C on the li(ne C B, and from this point draw 
a perpendicular to meet the curve A bel> of the diagonal rib; make the 
versid sine of the segment Ab C equal to this perpendicular, and describe 
the segment A / C , which is the springing line required. If from the centre 
C an anc be described, with a radiu3 equal to^e length ofthe seat of a rib, 
to meet the seat ofthe diagonal rib A D; and, if from the point of meeting a 
perpendicular be drawn to meet the curve A b, the portion ofthe arc ofthe 
diagonal rib, intercepted between A and the perpendicular, will give the 
length ofthe rib, corresponding to the s^t which was taken. 

Fig. 594. The diagonal rib is a semicircle: the operation is exactly the 
same,, and may be described in the same words. 



MENSURATION OF CARrENTifiRs' WORK. 

All lacge ^nd plain, articles in which an uniform quantity 
of materials iEind workmanship is expended, are generally 
measured by the i^qnare of 100 sopevficial f<^6t. 

Piles used in the. £Dtandatians> are valued at per piece, and 
driven by the foot run, according to their diameter, and the 
quality of the ground. 

Sleepers and pUaking are measiured by taking the super- 
ficial contents in yarda or sqfarea. 

Plain centreiag is measured by tbe sqiuire ; but as the ribs 
and boarding are two difierent qualitieis of work, they ought 
to be measured and valued sep^uately ; one dimension ofthe 
hoarding being taken, by girting it round the arch, the other 
being the lengtb of the vault. 

Centreing for groins should be measured and valued a^ 
conunoci ceiitreing; but in addition thereto, the angles 
should be paid for by the foot ran, that is, the ribs and 
boarding ought to be measured and "t^lued sepaifately, ac- 
cording ta the exact superficial contents of each ; and the 
angles by the lineal foot for workmanship, in fitting the rib 
and boards, and for the waste of wood occasioned by the 
operation* 

Wafl-pJates, lintels, and bondrtimbecs, are measured by the 
cubic foot, under the denomina^b of fir-in-bond. 

Naked flooring may either be measured by the square, or 
by the cubic foot, according to the d^scriptiori of the work, 
and the quantity of timber employed. In forming an estimate 
of its value, it should be observ^, that in equal cubic qttan-^ 
tities of small and large timbers, the small timbers will have 
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more superfices than tlie large ones, and, therefore, the saving 
will not be in a ratio with the solid contents ; consequently 
the value of the workmanship will not follow the cubic quan- 
tity, or said ratio. The difficulty of handling timbers of the 
same length increases with the weight or solidity, as the 
greater quantity requires greater power to handle it, and con- 
sequently more time. 

In naked flooring, where girders are introduced, the uni- 
formity of the work is interrupted by mortises and tenons, 
«o that the sum ascertained by the cubic quantity of the 
girders, at the same rate per foot as the other parts, is not 
sufficient ; not only on account of the great difference of 
size, but the great disparity in the quantity of workman- 
ship, occasioned by its being cut full of mortises to receive 
the tenons of the binding-joists; the best method, there- 
fore, to value the labour and materials is, to measure and 
estimate the whole by the cubic quantity, and allow an addi- 
tional rate upon every solid foot of girders; or, if the bind- 
ing-joists are not inserted in the girders, at the usual dis- 
tances, a fixed price for every mortise and tenon, in propor- 
tion to their size, which will keep a ratio with the area of the 
end of the girder. 

Partitions may be measured by the cubic feet ; but the cills, 
top-pieces, and door-heads, should be measured by them- 
selves, according to the solid quantity, at an additional rate ; 
because, both the uniform solidity, and the uniform quantity 
of workmanship are interrupted by them. In trussed parti- 
tions, the braces should be rated by the foot cube, at a supe- 
rior price to that of the quarterings, for the trouble of fitting 
the ends of the uprights upon their upper and lower sides, 
and for forming the abutments at the ends. 

The timbers in roofing should be measured by the cubic 
foot, classed as the difficulty of execution, or as the waste 
occasioned, may require. 

Battening to walls is best measured by the square, ac- 
cording to the dimensions and distances in the clear of the 
battening. 

It would be endless to enumerate the various methods of 
measuring each particular species of carpenters' work ; the 
leading articles only need be noticed. 

When the shell of a building is finished, that is, previous 
to the floors being laid, or the ceilings lathed, all the timbers 
should be measured, that no doubt may arise as to the actual 
scantlings of the timbers, or of the description of the work- 
manship. In taking dimensions it must be observed that, 
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&1) pieces which have tenons, must be measured to the extre- 
mities of the tenons. 

It is impossible to determine on any proper rate, including 
both materials and workmanship, as the one may be stationary, 
while the other is variable. With respect to materials, the 
valde of any quantity may be easily ascertained, whatever be 
the price per load; but the difficulty is far greater in fixing 
proper rates of workmanship; however, were the time of exe- 
cuting every species of work known, there would be no dif- 
ficulty in establishing certain uniform quantities, which would 
give the real value. 



JOINERY, 

Is the next branch of art which comes under our consider- 
ation, and comprises the practice of employing wood in the 
external and internal finishings of houses. 

In the execution of this branch of building, it is almost 
unnecessary to observe that, as joinery is employed princi- 
pally by way of decoration, and is liable to close inspection, 
it is one of the departments which demands the strictest care 
and attention in the workmen; and it requires the greatest 
ingenuity, skill, and experience, to become fully master of 
every subject under the joiner's consideration. 

The first and most important thing to be attended to, is the 
judicious selection of materials; as, without a strict obser- 
vance of this particular, the care, ingenuity, and exertions of 
the workman will be wholly frustrated. 

As the temperature of the atmosphere has a great influ- 
ence on wood, and more particularly in the winter season, it 
would be advisable to put that which is to be used in fine 
work over an oven for a day or two. In the different descrip- 
tions of joint used by the joiner, a hot tenacious liquid, 
called gkte^ is almost universally used, and when applied, the 
two surfaces of the wood, which have been previously ren- 
dered smooth, are rubbed together until the glue is nearly all 
forced out. One piece is then set to its situation with respect 
to the other. 

For outside work, such as gates, doors, &c. white-lead is 
used in all the joints. 

When a frame, consisting of several pieces, is required, 
the mortises and tenons are fitted together, and the joints 
glued all at one time, then entered to their places, and forced 
together by the assistance of an instrument called a cramp- 
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The operation of rendering a rough surface smooth, bf 
taking away the superfluous wood, is cMed planing; and the 
tools' used for this purpose are called planes. 

The planes used by joiners in the primary operation of 
their work are csMedjack-planes, trying-plama^ long-planes^ 
and smoothing-flanes ; the respective uses of which are as 
follow : — The jack-plane is used for taking away the rough 
occasioned by the saw, and removing all superfluous and 
other uneven parts. The trying-plane more particularly to 
bring the surface perfectly level and true : the long-plane sue* 
ceeds, when the surface is long and is required to be very 
straight, as in jointing long boards for the purpose of gluing 
them together ; and the smoothing-plane is used to smooth 
and clean off the work. 

In addition to the above, termed bench-planes, others are 
occasionally used in forming any kind of prismatic surfaces, 
viz. rebating-planes^grooving-planes, motdding-planeSi &c. ; 
under which head is included the fillister and plough. 

Rebating'planes are used for cutting out rebates, a kind of 
half groove, upon the edge of a board, or other piece of wood, 
formed bytakin? down or reducinga stiall part of the breadth 
of the board to half, more or less, of the general thickness. 
By this means, if a rebate be cut on the upper side of one 
board, and the lower side of another, the two niay be made 
to overlap each other, without making them any thicker at 
the joint. 

Rebates are also used for ornamenting mouldings, and for 
many other purposes in joiners' work. The planes for cut- 
ting them are of different kinds, some having the cutting 
edge at the side of the iron and stock ; others at the bottom 
edge of the iron and the face of the stock ; and others cut- 
ting in both these directions. The former are used to 
smooth the side of a rebate, and therefore are called side 
•refiarin^-p/anes; the others for smoothing the bottom. A 
third sort of rebate-planes, called a fillister, is ilsed for 
sinking or cutting away the edge of a piece of wood, to form 
the rebate, leaving it for the others to smooth the surfaceii 
when cut. 

The moving fillister is a rebating-plane having a ruler of 
wood, called the fence, fixed by screws, upon its face, in the 
direction of its length, and exactly parallel to the edge of 
the face; consequently, it covers part of the ii^idth of the 
cutting edge, and can be fixed at any required distance from 
the edge, to leave more or less of the cutting edge exposed, 
which will be the breadth of the rebate it will cut, because, 
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when used, the edge of the fence is applied against the edge 
of the piece to be rebated, and thus gauges the breadth its 
iron should cut away. The cutting-iron of this plane is not 
situated at right angles to the length of the stock, but has 
an obliquity of about forty-five degrees; the exposed side 
of the iron being more forward than the one next to the 
fence. By this obliquity the plane has a tendency or drift 
to run further into the breadth of the wood ; but as the fence 
sliding against the edge prevents this, the drift always keeps 
the fence in contact with the pi^ce without the attention of 
the workman : it also causes the iron to cut the bottom of 
the rebate smoother, particularly in a transverse direction 
to the fibres, or where the wood is cross-grained, or where 
the edge is perpendicular to the sides of the plane. It is 
chiefly used, however, to throw the shaving into a cylindri- 
cal form, and thereby make it issue from one side of the 
plane. Besides this iron, there is another of smaller di- 
mensions, called the tooth, which precedes the other, to 
scratch or cut a deep crack in the width of the rebate, thus 
making the shaving, which the iron cuts up from the bot- 
tom, separate sideways from the rest of the wood. The 
sash-fiUiater diSevB in matiy particulars from the moving 
fillister : the fence is adapted to be moved to a consider- 
able distance, not being fixed, as in the moving fillister, by 
screws upon the face, but sustained by two bars, fixed fast to 
it, passing through the two vertical sides of the stock at 
right angles to the sides : these bars, when set to their in- 
tended places, are tightened by small wedges. This kind 
of plane is usually employed to rebate narrow pieces of 
wood, such as are used in sashes ; and the fence is applied 
against the opposite edge to that on which the rebate is to be 
formed. 

The plough is a plane with a very narrow face, made of iron, 
fixed beneath a wooden stock, and projecting down from the 
wood of the stock ; the edge of the cutting-iron being the full 
width of the groove required : it is guided by a fence with 
bars like the sash-fillister, and has also a stop to regulate the 
depth intended for the grooves. 

Moulding-planes are those which have their faces and cutting 
edges curved to produce all the varieties of ornamental mould- 
ings: they are known by the names ofsnipe^s-billSf aide snipers- 
bUls^ beads, hoUows, rounds, ovolos, and ogees. Of these 
there are a great variety of sizes, with which every good 
joiner is furnished. 

The whole of these planes have their faces straight in the 
Vol. II.— T 
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direction of their length ; but a section across the face is the 
impression or reverse of the moulding they are intended to 
make. 

The tools employed in boring cylindric holes are a stock 
with bits, gimlets, and brad-awls of various descriptions and 
sizes. The tools used for paring the wood obliquely, or 
across the fibres, and for cutting rectangular prismatic cavities, 
are in general denominated chisels ; those for paring the wood 
across the fibres being called ^rm^t, or paring-diisels, and 
those for cutting mortises, mortiss<hisels* The best paring- 
chisels are made entirely of cast steel. Chisels for paring 
concave surfaces, are called gouges. 

Wood is generally divided or reduced by means of saws^ 
of which there are several sorts; as the Hpping^saw, for 
dividing boards into separate pieces, in the direction o{ the 
fibres ; the hand-saw, for cross-cutting, or for sawing thin 
pieces in the direction of their length ; the panel-^oii;, either 
for cross-cutting, or cutting very thin boards longitudinally ; 
the tenon-saw, with a thick iron back, for making an incision 
of any depth below the surface of the wood, and for cutting 
pieces opposed to the length of the fibres ; also a sashrsaw, 
and a dowtM-saw, used much in the same way as the tenon- 
saw. 

From the thinness of the plates of these three last-mentioned 
saws, it is necessary to stiffen them by a strong piece of metal 
called the back, which is grooved to receive the upper edge 
of the plate, fixed to the back, and which is thereby secured 
and prevented from crippling. 

When it is required to divide boards into curved surfaces, 
a very narrow saw without a back, called a compass-saw, is 
used ; and in cutting a very small hole, a saw of a similar de- 
scription is used, called a key-hoiU'Saw, Both of these descrip- 
tion of saws are called ftirfitng-^erto^, and have their plates 
thin and narrow towards their bottoms, and each succeeding 
tooth finer. 

The external and interna! angles of the teeth of all saws 
are generally formed at one angle of 60 degrees, and the firont 
edge teeth slope backwards in a small degree* The teeth of 
every description of saw, except turning-saws, are alternately 
bent on contrary sides of the plate, so that all the teeth on 
the same side are alike bent throughout the length of the 
plate, for the purpose of clearing the sides of the cut made 
by it in the wood. The foregoing are generally termed edge- 
tools. 

When it is necessary to ascertain if an angle be exactly 
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square, or iiicruied to any number of degrees, a tool called 
a square is used, and in the latter instance, a bevel is set to 
the angle ; when any piece is to be reduced ft a parallel 
breadth or thickness, an instrument, called a gauge^ formed 
of a square piece with a mortise, having a sliding bar, called 
a stem^ running through it at right angles, and furnished 
with a tooth, projecting a little from the surface^ is used ; 
so that when the stock of the gauge is applied to the verti* 
cal side or edge of the piece, with the toothed side of the 
stem upon the horizontal surface, and is pushed and drawn 
alternately backwards and forwards by the workman, the 
tooth will make an incision from the surface into the wood, 
at a parallel distance from the edge to which the stock part 
ii applied. 

When a mortise is to be made in a piece of wood, the 
gauge used has two teeth. The construction of this gauge 
is the same as that before described, except that the tooth 
nearest the stock moves by means of a longitudinal slider in 
the stem, which is to be set at a distance from the other tooth, 
as occasion may requi^e. 

If a piece of wood is to be sawn across the fibres, a flat 
piece of wood, which has two projecting knobs, on opposite 
sides, one at each end, called a ^ide-Aooik, is used, to keep the 
piece which has to undergo the operation of the saw steady ; 
the knob at one end presses against the piece, while that at the 
other end is hooked to the bench. Two of these are neces- 
sary when the pieces are long. 

When a piece of w(K>d is required to be cut to a mitre, 
that is, to half a right angle, joiners use a trunk of wood 
with three sides, like a box that has neither ends nor top, the 
sides and bottom being parallel pieces, and the sides of equal 
height. Through each of the opposite sides, in a plane per- 
pendicular to the bottom, and at the oblique angles of 45** 
and 135"* with the planes of the sides, a kerf is cut; and an- 
other kerf is made with its plane at right angles to the two 
£drmer. Into this trunk, termed a mitre-hoXj the piece to he 
cut is put, and the saw, guided by the kerfs, cuts the wood to 
the angle required. 

In making a straight surface, a strip of wood called a 
straight-edge^ which has one of its edges perfectly straight, 
is frequently applied, to detect the irregularities, and the 
piece is accordingly planed with the trying plane until the 
surface coincides with the straight edge. 

To ascertain if the surfoce of a piece of wood be in one 
l^ane, the joiner takes two slips of wood, each straightened 
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on one edge, with the opposite edge parallel, and both 
pieces of tfa^^ seme height, and places them one at each end, 
across the board under operation ; he then looks in the lon- 
gitudinal direction of the board over the upper edges of the 
slips, and if the two edges and his eye be not in one plane, 
the upper parts are planed down until the piece is said to be 
out cfwind, and the same term is applied to the slips, which 
are CBlUdwinding-sHcks. The operation of making the edge 
of a board straight is called shooting ; and the edge so made 
is said to be shot. 

From what has been here said of the appHcatien of the 
principal tools used by the joiner, we consider any further 
account of the priftiary processes unnecessary; we shall, 
therefore, proceed to lay before the reader the best methods 
in use of effecting some of the more difficult and particular 
operations. 

To construct the surface of a portion of a cylinder with 
wood, when the fibres are at right angles to the axis of the 
cylinder, such as may be used in a circular dado, or the soffits 
ff windiows. 

If the dimension of the cylindric surface, parallel to the 
axis, be not broader than a plank or board, this may be 
done by glueing several thicknesses of veneer upon each 
other ; the first upon a mould, or upon brackets, with their 
edges in the surface of the. proposed cylinder, parallel to its 
axis. This may be effected by meaos of two sets of brackets 
fastened to a board, one convex and of the curve intended, 
and the other concave of the curve of the exterior of the 
whole tkickness of veneers, or somewhat larger ; this last 
bracket is then applied on the top of the veneers and fas- 
tened to the other bracket, and the veneers are then forced 
together by means of wedges between the concave bracket 
and the veneer. If this operation* be carefully done, and the 
glue properly dried, the wedges may be slackened and the 
work will stand well, but it must be observed, that as the 
wood has a natural tendency to unbend itself, the curved sur- 
face, upon which it is glued, should be rather quicker than 
that intended to be made. 

A second plan is to form a templet or cradle to the surface 
intended, and lay a veneer upon it ; then to gluea numberof 
blocks of wood upon its back, closely fitt^ to its surface, 
and the other joints to each other, the fibres of the veneer 
being parallel to those of the blocks. 

A third method is to make a cradle and place the veneer 
upon it, confining one end: lay the glue between the 
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veneers with a brash, and fix a bridle across, confining its 
ends either by nails or by screws ; open the veneers again, 
put glae a second time between each, and fix another bridle 
across them ; and in this manner proceed to the other ex- 
tremity. 

K fourth plan is to cut a number of equidistant grooves 
across the back of the board, at right angles to its edges, 
loavmg only a small thickness towards the face ; then to bend 
this round a cradle with the grooves outwards, and fill the 
grooves with strips of wood, which, after the glue is quite 
dry, must be planed down level with tb^ surface of the 
board. This may be stifiened by gluing strong canvass on 
the ba^.' 

To bend a board so as to form thefrustrum of a cone^ or 
any segmentd portion qf thefrustrum of a cone^ as the sof^ 
Jit of the head qf an aperture* 

When the envelope of the covering is found by the rule 
laid down under the article Masonry, page 104, vol. ii. and the 
mould is made with a thin piece of board, cut out the board 
intended to be bent, and run a number of saw kerfs, or 
grooves made by a plane, ^which are preferable,) equidistant 
from each other, and teiidmg to the centre, and having fixed 
it to a templet, made to the surface of a cone, finish it in 
the manner shown in the last method, for a cylinder. 

To glue up the shaft qf a column^ supposing it to be the 
frustrum qf a cone. 

Prepare as many staves as the circumference may require, 
and let the joints of each be so managed as to fall in the fil- 
lets, which disposition will be stronger than if they were to 
fall in the middle of the flutes. Suppose eight pieces to be 
sufiicient to constitute the shaft of a column : describe a circle 
to the diameter of each end ; about each circle describe an 
octagon ; from the concourse of each angle draw a line to the 
centre, then draw an interior concentric octagon, with each 
side parallel to the respective sides of the corresponding one, 
and the distance between these two octagons equal to the 
thickness of the staves ; and thus the section of the staves 
will be found at each end, and conseqi^ntly the bevels will 
be obtained throughout the whole length. In order to join 
the column, glue two pieces together, and when quite dry, 
glue in blockings to strengthen them ; join a third piece to 
the former two, and secure it also by blockings. In this 
manner proceed to the last piece but one. In fixing the last 
piece, the blockings must be glued to the adjacent staves ; 
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and their surfaces, on which the last stave is intended to 
rest, must be all in the same plane, that its back may rest 
firmly upon them. In closing up the remaining space, the 
part of the column that is glued together should be kept 
from spreading by confining it in a kind of cramp, or cradle, 
while driving the remaining stave to close the joints* 

Instead of the foregoing mode, some joiners glue up the 
columns in halves and then glue them together. When an 
iron core is necessary to support a floor or roof, the column 
mutt necessarily be glued up in halves; in which case the 
two halves are to be dowelled together, and^the joints filled 
with white-lead. Instead of a cramp, a rope is used, twisted 
by means of a lever. In bringing the two halves together, 
the percussive force of the mallet must be applied upon the 
middle of the surface of one half, while an assistant holds 
something steadv against the middle of the other, that the 
oppoiBtion may be equal, and by this means the surfioces will 
be brought into contact, and form the joint as desired. lo 
this operation p'^oes of wood ought to be inserted between 
the column and the rope. 

Boards can be connected together at any given an^le, 
either by pins or nails, mortise and tenon, or by indentmg 
them together* 

This fast mode, from the sections of the hollows and pro- 
jecting parts being formed like a dove's tail, is called dove- 
tailing. 

There are three sorts of dovdaUing ; viz. common, lap, 
and mitre. Common dovetailing shows the form of die 
projecting parts, as well as of the excavations made to re- 
ceive them; lap dovetailing conceals the dovetail, but shows 
the thickness of the lap on the return side ; and mitre dove- 
tailing conceals the dovetail and shows only a onitre on the 
edges of the planes at the surface of the concocurse ; that la, 
the edges in the same plane, the seam or join being in the 
concourse of the two faces, making the given angle with 
each other. 

Concealed dovetailing is particularly useful where the 
fiices of the boards are intendedto form a saliant angle; but 
when the faces form a re-entrant angle, common dovetailing 
is preferable. 

There is another simple and expeditious manner of con- 
necting the ends of boards together where the faces form a 
re-entrant, or internal angle, by means of a groove in the 
one, and a tongue in the other ; and if the pieces be pre- 
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viously nailed so that the nails be not seen in the faces, this 
will answer every purpose of common dovetailing. 

As various methods are employed in connecting pieces of 
wood so as to form an angle, we shall here present the reader 
with some of the best examples. 

Figs. 595 and 596 are methods of connecting two pieces of wood so as to 
form two internal right angles. 

Figs. 597, 598, 599, 600, 601, and 603, ex^bit the joinmg of boards at 
an external angle. 

In Figs. 598 and 599 the external angle, being that which is exposed to 
sight, n rounded or beaded. 

Fig. 600 is the most common of mitres. 

Fig. 601, a lapped nutre, which is much stronger than Fig. 600. 

Fig. 602, a lapped and tong^ed mitre^ 

Fig. 603, doyetuling. 

Fig. 604, secret dovetidling. 

If several boards are required to be joined together to 
form a broad face, they are sometimes strengthened by 
fixing, with a tongue and groove, or mortise and tenon, 
another narrow piece across each end : the cross piece is 
termed a clamp, and the board thus constructed is said to be 
damped. 

The most simple description of door is constructed of se- 
veral boards simply rebated together, or each edge ploughed 
and tongued ; these are confined together by a transverse 
piece, called a ledge nailed across, from which the door de- 
rives the name of a ledge-door. 

When strength, durability, and beauty are to be combined, 
a frame, joined by mortise and tenon, is constructed with 
one or more openings ; and these openings are filled with 
pieces called jpaneb, fitted into grooves, ploughed in the 
edges of the frame. The horizontal pieces of the framing 
are called, according to their situation, top-rail, bottom^ail, 
lock-rail, and frieze^ail. On the lock-rail the lock is either 
mortised in, or screwed on ; and the frieae-rail is an inter- 
mediate rail between the top and middle rail. The extreme 
vertical pieces to which the rails are fixed are called stiles; 
and if there be any intermediate piece it is called a mount- 
ing. 

Doors derive their names according to the manner in which 
they are framed and the number of panels they contain, as 
one, two, four, six, &c. panelled doors ; and are further de- 
scribed by the moulding and description of panel. 

JUhdoors are those which, when shut, are as much conceal- 
ed as possible. They are used to preserve the uniformity of 
a room, or to save the expense of a corresponding door. Doors 



162 THE OPERATIVE MECHANIC 

ought to be made of the best materials, perfectly seasoned, 
and firmly put together ; the mitres or scribings should be 
brought together with the greatest exactness, and the whole 
of their surfaces be perfectly smooth. 

The mortising, tenoning, ploughing, and sticking of the 
mouldings, ought to be worked correctly to the gauge-lines; 
otherwise the door, when put together, will be out of truth, 
and occasion the workman a great deal of trouble, paring the 
different parts to make it appear satisfactory : the door will 
also loose much of its firmness, especially if the mortises and 
tenons require to be pared. 

In bead and flush doors, make the work square, afterwards 
put in the panels, and smooth the whole off together; then, 
marking the panels at the parts of the framing to which they 
agree, take the door to pieces, and work the beads on the 
stiles, mountings, and rails. If the doors are double margin, 
that is, representing a pair of folding doors, the staff stile, 
which imitates the meeting-stiles^ must be inserted into the 
top and bottom rails of tlfe door, by forking the ends into 
notches cut in the top and bottom rails. 

In the hanging of doors, the chief aim is to clear the car- 
pet or ground ; which may be accomplished by observing 
the following rules. First, let the floor be rsiised under the 
door, according to the intended thickness of the carpet ; se- 
condly, let the knuckles of the top and bottom hinges be so 
placed, that the top hinge hang, or project, about one-eighth 
of an inch over the lower ; that is, if the hinge be let equally 
into the door and into the jamb, project a little beyond the 
surface of the door; but if the centre lie in the surface of 
the door, it must be placed at the very top, which is seldom 
done, except when the door is hung with centres. Thirdly, 
let the jamb on which the door hangs be fixed about an 
eighth of an inch out of the perpendicular, the upper part 
inclining towards the opposite jamb; and fourthly, let the 
inclinatifiki of the rebate be such, that the door shall, when 
shut, project at the bottom, towards the room, about an eighth 
of an inch. 

These several methods, practised on so small a scale, are 
not perceptible; but, nevertheless, will throw the door, when 
opened, to a square sufiiciently out of the level ; that is, at 
least half an inch, when the height of the door is double the 
width. 

Several kinds bf rising hinges have been introduced for this 
purpose : some of the best, constructed of brass, are by no 
means objectionablet even to the best doo». 



.»/\5^»AV 



59(^ 



oio 



\jA L_J 



B'om .^M'» to i^l4 



fO'2 



eo3 



it 



oil 



n Siy 



:*m 



Ol. 



f>i>7 



1 



6'i3 



^-ti 






(' 




1 




? 






1 





1^ Oo7ri-^ 



ooj " 



/»4>.*> /♦/.»-/. 



P( V» /»J.j.'> 



\ 1 



II ^' ^'.""^^ 



i ._£. 



/ 

I 



(^I4jll04 



iH>Splo4 



*%-- 



1.^ 



07.'? 



1^> 



AND MACHINIST, 163 

Before we proceed to the principles of hanging ddors, we 
shall submit to the reader some information on the subject of 
hinging in general. 

The placing of hinges depends entirely on the form of the 
^nt, and as the motioh of the door or closure is angular, and 
performed round a fixed line as an axis, the hinge must be 
so fixed that the motion be not interrupted : thas| if the joint 
contain the surface of two cylinders, the convex one in mo- 
tion upon the edges of the closure, and sliding upon the 
concave one which is at rest on the fixed body, the motion 
of the closure must be performed on the axis of the cylinder, 
which axis must be the centre of the hinges. In this case» 
whether the aperture be shut or open, the joint will be close; 
but if the joint be a plane surface, it is necessary to consider 
upon what side of the aperture the motion is to be performed, 
as the hinge must be placed on the side ofthe closure where 
it revolves. 

The hinge is made in two parts, movable in any angular 
directioni the one upon the other^ 

The knuckle of the hinge is a portion contained under a 
cylindric surface, and is common both to the moving part and 
the part which is at rest; tlie cylinders are indented into each 
other, and are made hollow to receive a concentric cylindric 
pki, wbicfa pastes thfongfa them, and connecte the moving 
parts together. 

The axis of the cylindrical pin, is called the 4^ qf the 
hinge. 

When two or more hinges are placed upon a closure, the 
axis of the hinges must be in the same straight line. 

The straight line in which the axis of the binges are placed 
is eailed the ttne of hinges. 

We shall now proceed to the principle of hanging doors, 
shutters, or flaps, with hinges. 

The e^itre of the bing^ Is generally put in the midcHe of the jolirt, as 
at A» Fig^. 605y but ki many cases thete is a necessity for tiirowinj^ back 
the flap to a certain distance fh>m tiie jcmU ^ order to effect this, sap« 
pose the flap when folded back, were required to be at a certain distaaoe 
from the joiflEty as B A, Vig. 605, dhride B A in two equal parts at ^e (KMnt 
C and it wi& give the centre of the lunge* The centre of the hinge 
must be placed a small denee beyond the snrftoe of tiie dosare, other* 
wise it will not fall fireely back on the jamb, or partition. It must also be 
observed, that, the centre of the hin^e must be on the same side as the re- 
bate, or It win not <^n ^gi^out the joint being constmoted in a pacticolir 
flma. 

To hanf twoflaps^ eo that when folded back^ thtyehaUbe - 
at a certmn dirtatieefrom eachetho'. 

This is easily accomplished by means of hinges having knees projecting to 

Vol, II*— D 
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hftif tbAt diftance, asappears fVom Fig. 607: this sort of hinge is used in hang^ 
ing the <!kK>rs of pews, in order to clear the moulding of the coping. Fig. 
607, No. 3, shows the same hinge opened. 

To make a rule joint for a\oindoW'ekuttery or other f old- 
ingflap. 

Fig. 606, No. 1. Let a be the place of the joint, draw a e at right an- 
gles to the flap, shutter, or door, take c, in the line a e, for l^e centre of 
the hinge, and the plain part ab, as may be thought necessary; or c, with 
a radius, e b, describe the arch b d,- then will a ^ a be the true joint. The 
kunckle of the hinge is always placed in the wood; because the further it is 
inserted, the more of the joint will be c6?ered when it is opened to a right 
angle, as in Fig. 606, No. 2; but if the centre of the hinge were placed the 
least without the thickness of the wood, it would show an open space, which 
would be a blemish. 

To form the joints ofstUeSy to be hung together^ when the 
knuckle of the hinge is placed on the contrary aide of the 
rebate. 



Fig. 608. Let e be the centre of the hinge, m % the jomt on the 
side, « 6 the depth of the rebate in the middle of the thickness of the styles, 
perpendicular to i m, and / / the joint on the other side, parallel to t m/ 
bisect f /at A, join kCfOnke describe a semicircle c f k, cutting i m at hf 
through the points h uid k draw ?i k g, cutting //at gv then wul/g, h m, 
be the true joint. 

Tif^. 609 represents the common method of hanging shutters together, 
the hmge being let the whole of its thickness into the shutter, and not into 
the sash-frame. By this mode it is not so firmly hung as when half of it is 
let kito the shutter, and half into the sa8h^fi«me4 but tl^ limng raaf be made 
thinner. 

It may here be proper to observe, that the centre of the 
hinge must be in the same plane with the face of the shatter, 
or beyond it, but not within the thickne«s. 

How to construct a joint for hanging doors xjoith centres. 

^g. 614. Let a </ be the thickness of the door, bisect it in 6, draw b e per- 
pen£ular to a e, make b c equal toba^ or b d, or e the centre of the hii^^ 
with a radius ea, or ed, desoibe an arc, aed, which will give the joint re- 
quired. 

. Another plan is represented in Fig. 61^ Draw a iparaHel to the jtmb» 
meeting the other side in b, make b d equal to 6 a, and join a d and a c, bi- 
sect achy iperpoi^boalare/, Dieeting0crin/, then /is the centre of the 
binge. 

Figs. 610, 611, and 613, exhibit different methods of hanging flaps, &c. 
These are so very ample, tiiat by a little attention the f^ader will readily 
perceive their uses and manner c^ constructioa. 

. We shall now detail the construction of sash-frames, sashes, 
and shutters, aad the manner of putt'mg the several parts to- 
gether. 

Fig. 615, No. 1, the elevation; No. 2, the plan; and No. 3,* the section 
of the same; showing the manner in which the different parts use connect- 
ed. 
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No. 1. A Back. — ^B Flush skirtings separated from the back by flush reeds* 
and showing the same depth of pUnth as the blocks of the pilasters. — C C 
Blocks or plinths to pilasters. — ^D D Pilasters. — E E Patteras. — aaa a Tmdde 
bead of sash-frame. ---5 6^ rounded edge of boxing-stile. 

No. 2. Plan of sash-frame, shutters, pilasters, and the diifertent parts are 
explained in the figures. 

No. 3. a tiiickness of the pilaster or architrave $ h the rounded ed^e of 
the boxingp-sttle; c the breadth of the shutter; d bead of the sadi-fnmie; 
t under sash; / top ditto; g parting bead; h outside lining and bead. 
i the breadth of the reveal or outer brick-work; k k lintels maide of strong 
yellow deal or oak; /the head of the ground; m the architrave or pilaster 
axed upon the grounds; n the soffit, tonguedinto the top of the sa^lframe- 
ktead; and, on the otl^r e^e, into the head of the architrave «»/ o the 
•ash-frame-head; p tJ^ie elbow; q capping; r sash-frame-cill; 9 ^aah-cill; I 
8tone-cill. 

The face of the puUey-stilc of every sasb-frame ought to 
project about three-eighths of an inch beyond the edge of 
the brick-work; that is, the distanoebetween the face of c^ach 
polley-stile ought to be less by three-^qtiarters of an inch than 
in the clear of the reveals on the outside ; so that the face of 
the shutters ought to .be in the same plane with the stone or 
brick-work on the outside. 

Fig. 616 shows a plan of a sash-frame and shutter on the same principle 
as the foregoing, and which may be applied to a similar window. 

As the thickness of the waU is here conceived to be less than in the fore*- 
going example, another back-flap is introduced:— « the outside lining; b 
Sie pulley-stile) c the inside lining; d the back limn|^; t f the weights; s 
parting sUp of weights; h parting bead to sashes; t inside bead; % back 
fining of boxingf /ground, or boxin^-stile, grooved to receive the plastering; 
m frmit slmtter hung to the inside lmiog»e, of the sosh.ihime by the hinge it/ 
9p back flaps hinged together at q^ and to the shutter at r/ 9 ai*chitrave or 
pilaster. 

Fig. 617 is a vertical section of the cill, Acq. of the, same sa^h-frame; a 
bottom rail of sash; h cill of the sash-frame; e back of recess of window; d 
coping bead, or capping let. into the sash-fravie ctll; e inside bead, tongued 
on the top of the all; A outside lining; /space for the top-sash to rap in; g- 
parting bead. 

STAIRS. 

This is one of the most important subjects co|nected with , 
a joiner's art, and should be attentively considered, not only 
with regard to the situation, but as to the design i^nd execu- 
tion. The convenience of the building depends on the 
situation ; and the elegance, on the design and execution of 
the workmanship. In contriving a grand edifice, particular 
attention must be paid to the situation of the space occupied 
by the stairs, so as to give them the most easy command of 
the rooms. 

With regard to the lighting of a good staircase, a sky- 
light, or rather lantern, is the most appropriate ; for these 
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unite elegance with utility, that is, admit a powerful light, 
with elegance in the design ; indeed, where the staircase 
does not adjoin the exterior walk, this is the only tight that 
can be admitted. Where the height of a story is consider- 
able, resting placet are necessary, which go under the name 
of quarter-paces^ and half-paceSy according as the passenger 
has to pass one or two right-angles ; that is, as be has to 
describe a quadrant or semi-circle. In very high stories, 
which admit of sufficient head-room, and where the space 
allowed for the staircase is confined, the staircase may 
have two revolutions in the height of one story, which will 
lessen the height of the steps ; but in grand staircases only 
one revolution can be admitted, the length and breadth of the 

Sece on the plan being always proportioned to the height of 
e building, so as to admit of fixed proportions. 

The breuilb of the steps ought never to be more than 1 5 
inches, or less than nine ; the height not more than seven, 
or less than five : there are cases, however, whicb are ex- 
ceptions to all rule. When the height of the story is given 
in feet, and the height of the step in inches, you may throw 
the feet into inches and divide it by the number of inches 
th9 step is high, and the quotient will give the number of 
steps. 

It is a general maxim, that the greater breadth of a step 
requires less height than one of less breadth : thus, a step 
of 12 inches in t^eadth will require a rise of 5| inches, which 
may be taken as a standard, to regulate those of other di- 
mensions. 

Though it is desirable to have some criterion as a guide in 
the arrangement of a design, yet workmen will, of course, 
vary them as circumstances may require. Stairs are con- 
structed variously, according to the situation and destination 
of the buildinff. 

Geometrical stairs are those whicb are supported by having 
one end fixedl in the wall, and every step in the ascent having 
an auxiliary support from that imniediately below it, and the 
lowest step from the floor. 

Bracket-stairs are those which have an opening or well, 
with strings and newels, and are supported oy landings and 
carriages; the brackets are mitred to the ends of each riser, 
and are fixed to the string-board, which is moulded ^ below 
like an architrave. 

Dog-legged stairs are those which have no opening, or 
well-hole, and have the rail and balusters of both the pro- 
gressive and returning flights falling in the same vertical 
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planes, the stepi being jSxed to strings, newehi, and carriages, 
and the ends of the steps of the infbrior kind terminating 
only upon the side of the string, without any housing. In 
taking dimensions and laying down the plan and section of 
stair-cases, take a rod, and^ having ascertained the number of 
steps, mark the height of the story by standing the rod on 
the lower floor: divide the rod into as many equal parts as 
there are to be risers, then, if you have a level surface to 
work upon below the stair, try each of the risers as you go on, 
and this will prevent any excess or defect ; for any error, faow- 
ever small, when multiplied, becomes of consioerable mag- 
nitude, and even the difference of an inch in the last riser, 
will not only have a bad effect to the eye, but will be apt to 
confuse persons not thinking of any such irregularity. In 
order to try the steps properly by the story rod, if you hava 
not a level surface to work from, the better way will be, to 
lay two rods on boards, and level their top surface to that of 
the floor: place one of these rods a little within the string, and 
the other near or close to the wall^ so as to be at right angles 
to the starting line of the first riser, or, which is the mime 
thing, parallel to the plan of the string; set off the breadth of 
the steps upon these rods, and number the risers; you may 
set not only the breadth of the flyers, but that of the winder» 
also. In order to try the story-rod exactly to its vertical 
situation, mark the same distances of the risers upon the top 
edges, as the distances of the {Jan of string-board, and the 
rods are from each other. 

In bracket-stairs, as the internal angle of the steps is open 
to the end, and not closed by the string as in common dog- 
legged stairs, and the neatness of workmanship is as much 
regarded as in geometrical stairs, the balusters must be neatly 
dove-tailed into the endj of the steps, two in every step. 
The face of each front baluster must be ijl a straight surface 
with the face of the riser, and, as all the balusters must be 
equally divided, the face of the middle baluster must stand in 
the middle of the face of the riser of the preceding step and 
succeeding one. The risers and heads are all previously 
blocked and glued together, and when put up, the under side 
of the step nailed or screwed into the under edge of the riser, 
and then rough brackets to the rough strings, as in dog-legsed 
stairs, the pitching pieces and rough strings being similar. 
In glueing up the steps, the best method is to make a 
templet, so as to fit the external angle of the steps with the 
nosing. 
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The steps of geometrical stairs ought to be constructed so 
as to have a very light and clean appearance when put up : 
for this purpose, and to, aid the principle of strength, the 
risers and treads, when planed up, ought not to be less than 
one-eighth of an inch, supposing the going of the stair, 
or length of the step, to be four fe€t,and for every six inches 
in length, another on^eighth may be added. The risers 
ought to be dove-tai|ed in the cover, and when the steps 
are put up, the. treads are screwed up from below to the 
under edge of the risers. The holes for sinking the heads of 
the screws ought to be bored with a centre-bit, then fitted 
closely in with wood, well matched, so as entirely to con- 
ceal the screws, and appear as one uniform surface. Brack- 
ets are mitred to the riser, and the nosings are continued 
round. In this mode, however, there is an apparent de- 
fect ; for the brackets, instead of giving support, are them- 
selves unsupported, and dependent on the steps, being of no 
other use, in point of strength, than merely tying the risers 
and treads of the internal angles of the steps together : and, 
from the internal angles being hollow, or a re-entrant angle, 
except at the ends, which terminate by the wall at one extre- 
mity, and by the brcuskets at the other, there is a want of 
regular finish. The cavetto, or h(dlow, is carried round the 
front of the riser, and is returned at the end, and mitred 
r<M]nd the bracket, and if an opeir string, that is, the under 
side of the stairs open to view, the iu>llow is continued along 
the angle of step and riser. 

The best plan, lK)wever, of constructing geometrical stairs 
is, to put up the strings, and to mitre the brackets to the 
risers, as usual, and enclose the soffit with lath and plaster, 
which will form an inclined plane under each flight, and a 
winding surface under the winders. In superior staircases, 
for the best buildiogs, the so/Ht may be divided into panels. 
If the risers are m^e from two inch planks, it will greatly 
add to the solidity. The method of drawing an4 executing 
the scroll, and other wreath parts of the hand-rail, will be 
given in a subsequent part of this article. 

In constructing a flight of geometrical stairs, where the 
soffit is enclosed as above, the bearers should all be framed 
together, so that when put up, they will form a perfect 
staircase. Elach piece of frame-work, which forms a riser, 
should, in the partition, be well wedged at the ends. , This 
plan is always advisable when strength and firmness are re- 
quisite, as the steps and risers are entirely dependent on the 
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framed carriages, which, if carefully put together, will never 
yield to the greatest weight. 

Fig. 619 will show the section of tlus framing firmly put together, and 
wedged into the partition, as above described. 

In preparing the string for the wreath part, a cylinder 
should be made of the size of the well-hole of the stair- 
case, which can be done at a trifling expense ; then set the 
last tread and riser of the flyers on one side, and the first 
tread and riser of the returning flight on the opposite side, 
at their respective heights ; then on the centre of the curved 
surface of this cylinder, mark the middle between the two, 
and with a thin slip of. wood, bent round with the ruling 
edge, cutting the two nosings of these flyers and passing 
through the intermediate height marked on the cylinder, 
draw a line, which will give the wreath line formed by the 
nosings of the winders; then draw the whole of the winders 
on this line, by dividing it into as many parts as you want 
risers, and each point of division is the jiosing of such 
winder. Having thus far proceeded, and carefully examined 
your heights and widths, so that no error may have occurred, 
prepare a veneer of the width intended for your string, and 
the length given by the cylinder, and ailer laying it in its 
place on the cylinderj proceed to glue a number of blocks 
about an inch wide on the back of the veneer, with their 
fibres parallel to the axis of the cylinder. When dry, this 
will form the string for the wreath part of the staircase, to 
be framed into the straight strings. It is here necessary to 
observe, that about five or six- inches of the straight string 
should be in the same piece as the circular, so that the joints 
fall about the middle of the first and last flyers. This pre- 
caution always avoids a cripple, to which the work would 
olfoerwise be subject 

. Fig, 618, No. 1, is a plan of a dog-legged staircase, a the seats of the 
newels^ c die seat of the upper newel. 

No. 2. The elevation of the same. 

A B. The newels? the part A C being turned. — ^D E the upper newel — 
F G the carriage piece. — H I upper string-board framed into the newel. — 
K a joist framed into the trimmer. 

To describe the ramps; produce the horizontal part of the knee to L, and 
also the under side of the rail until it meets the face of the first baluster, at 
c, make c d equal to c D, and upon A d, and ftom the point d, draw the per- 
pendicular d L, and L is the centre for describing the ramps d d. 

The story-rod a 6 is a very' necessary article in fixing the steps; for, if 
a common rule be used for ihis purpose, the workman will be very liable 
to err and rend^the stairs extremely faulty, which cannot take place if the 
story-rod be app&ed to every riser, and the successive risers be regulated 
by it 
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In the construction of dog-l^ged staircase*, the first thing 
is, to take the dimensions of the stair, and the height of the 
story, and lay down a plan and section upon a floor to the 
full size, representing all the newels and steps; then the 
situation of the carriages, pitching pieces, long and cross 
bearers, as also the string-boards; the strings, rails, and 
newels, being framed together, mast be fixed with temporary 
supports. The string-board will show the situation of the 
pitchine-pieces, which must be put up in order, wedging 
one end firmly into the wall, and fixing the other to the 
strins-board ; this being done, pitch up the rough strings, 
and finish the carriage part of the flyers. Having proceeded 
thus far, the steps are next applied, beginning at the bottom 
and working upwards, the risers being all firmly nailed into 
the treads. 

In the best kind of dog-legged stairs, the nosings are re- 
turned ; sometimes the risers are mitred to the brackets, and 
sometimes mitred with quaker strings. In the latter case a 
hollow is mitred round the internal angle of the under side 
of the tread and the face of the riser. Sometimes the 
string is framed into the newel, and notched to receive the 
ends of the steps; the other end having a corresponding 
notch-boatd, and the whole flight being put up like a step- 
ladder. 

Fir. 619, No 1 and 2, is a plan and elevation of a geometrical staircase. 
The lower part. No. 2, shows the section of die ateps and carriages, which 
are framed together as directed in a form«r part of this article. 

The methods of finding the di&rent moulds necessary in 
the formation of the wreath part of the hand-rail, will be 
found in the next plate. 

To draw the scroll qf a hand-rail. 

Fig. 690. First make a circle 3} inches in diaoteter* divide tlte diameter 
into three equal parts, make a square in the centre of the drcle equal to 
one of those parts and divide eadi side of the square iitto six equal parts. • 

Fi^. 4, shows this square on alarger scale, and laid in the same position as 
the Lttle square above, with the different centres marked . The centre at 1 
draws from a tab, the centre at 2 from 6 to c, and ^e centre at 3 fitnn eto 
d, &c. which will complete the outside revolution at A: set the thickness of 
ti^e nul from a and to x, draw the inside the reverse way, and the scroU 
will be completed. 

To droMO the curtaU-etqps. 

Set the balusters in their proper places on each quarter of Ae scroll. 
Kg. 3, the first baluster showing the return of the nosing round the step, 
the second placed at the beginning of the twist, and the third a quarter 
distant, and strwght with the front of the last riser? then sff the projection 
of the nosing without, and draw it round equally distant from the scroU, 
which win give the form of the curtail. 
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As the method of geliinff a fioroH out of a Bolid piece of 
wood, having the grain of the wood to run in the same 
direction with the rail, is far preferable to any other method 
with joints, being much stronger and more beautiful than 
any other scroll with one or two joints, we shall here give the 
method of finding a face-mould to apply on the face of the 
plank. 

Place your pitch board I mn with m n passing through the eje of the 
scroUy then draw ordinates across the scroll at discretion, «nd take the 
length of the line o n^ with its divisions, and lay it on o it, at Fig. 62I9 ihwk 
the ordinate being drawn, take the different distances ^y, S z, 4 v, &c. 
and transfer &em to 2 y^ 3 jt, 4 v, &c. and the rest of the points being taken 
in the same manner, a curve may be traced which will be the fiice-m<nild 
required. 

To find the paralM thickness of the plank. 

Fig. 622. Let / fi» n be the pitch board, and let the level of the scroll 
rise one-sixth, that is, divide / m into six equal parts» aiid the bottom 
division is the top of the level of the scroll: from the end of the pitch 
board, set on n to o, half the thickness of a baluster, to the inside; then set, 
Iromo top9 half the width of the radl, and draw the form of the rail oa 
the end at j9, the point h being where the front of the riser comes, the 
pointy wiU be the projection of &e rail before it: draw a dotted line to 
touch the nose of the scroll, parallel with In, then the distance between 
this dotted line and the under tip of the scroll, will show the exact thick- 
ness of planking; but there n no occasion for the thickness to come quite 
to the under side, for if It come to the under idde of the hoUow it will be 
sufficient, as a little bit glued under the hoUow could not be discernible, 
and can be no hurt to the scroU. In ordinary cases, where the tread is 
about 11 inches, and rise 6i, a scroll can be got out of a piece, about 4} 
inches thick. 

To describe a section of a hand-roUt supposing it to be 
lioo inches deep, and two and a quarter inches broad^ the 
usual dimensions. 

Fig. 622. Let A B C D be a section of a rail, as squared; on A B describe 
an equilateral triangle. A B a; from a, as a centre, describe an arc to touch 
A B, and to meet a A and a B; take the distance between the point of section 
InM A and the pmnt A, and transfer it from tiie point of section to k, upon 
the same line a A, join D kf £pom k, with ^e distance between k and the 
end of the arc, describe another arc, to meet D k; with the same distance 
describe a third arc, of contrair curvature, and draw a vertical line to touch 
it; which will form one nde of ^e section of the rail, and the counter part 
v»y be formed by a similar operation. 

The branch of Joinery that falls under our next and last 
consideration is that of hand-railing; which calls into action 
all the ingenuity and skill of the workman. This art consists 
in constructing hand-rails by moqlds^ according to the geo- 
metrical principles, that if a cylinder be cut in any direction, 
except parallel to the axis, or base, the section wiH be an 
ellipsis; if cut parallel to the axis, a rectangle ; and if parallel 
lo tbe base, a circle. 
Vol. II..~V 
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Now, suppose a hollow cylinder be made to the size of 
the well-hole of the stair-case, the interior concave, and the 
exterior convex; and the cylinder be cut by any inclined or 
oblique plane, the section formed will be bounded by two 
concentric similar ellipses; consequently the section will 
be at its greatest breadth at each extremity of the larger 
axis, and its least breadth at each extremity pf the smaller 
axis. Therefore, in any quarter of the elUpsis there will be 
a continued increase of breadth from the extremity of the 
lesser axis to that of the greater. Now it is evident that a 
cylinder can be cut by a plane through any three points; 
therefore, supposing we have the height of the rail at any 
three points in the cylinder, and that we cut the cylinder 
through these points, the section will be a figure equal and 
similar to the face-mould of the rail; and if the cylinder ft 
cut by' another plane parallel to the section, at such a dis- 
tance from it as to contain the thickness of the rait, this 
portion of the cylinder will represent a part of the rail with 
its vertical surfaces already worked : and, again, if the back 
and lower surface of this cylindric portion be squared to 
vertical lines, either on the convex or concave side, through 
two certain parallel lines drawn by a thin piece of wood 
which is bent on that side, the portion of the cylinder thus 
formed, will represent the part of the rail intended to be 
made. 

Though the foregoing only relates to cylindrical welt- 
holes, it is equally applicable to raiU erected on any seat 
whatever. 

Theface-motdd applies to the two faces of the plank, and 
is regulated by a line drawn on its edge, which line is ver- 
tical when the plank is elevated to its intended position. 
This is also called the raking-mould. 

The faUing-mould is a parallel piece of thin wood applied 
and bent to the side of the rail-piece, for the purpose of 
drawing the back and lower surface, which should be so form- 
ed, that every level straight line, directed to the axis of the 
well-hole, from every point of the side of the rail formed by 
the edges of the falling mould, coincide with the surface. 
. In order to cut the portion of rail require^, out of the least 
possible thickness of stuff, the plank is so turned up on one 
of its angles, that the upper surface is no where at right 
angles to a vertical plane passing through the chord of the 
plane ; the plank in this position is said to be ^^nmg. 

The pUch'boardy is a right-angled triangular board made 
to the rise and tread of the step, one side forming the right 



AND MACHINIST, 163 

angle of the width of the tread, and the other of the height 
of the riser. When there are both winders and flyers; two 
pitch boards must be made to their respective treads, but, of 
course, of the same height, as all the steps rise the same. 

The bevel by which the edge of the plank is reduced from 
the right angle when the plank is sprung, is termed the spring* 
of the plank, and the edge thus bevelled is called the sprung 
edge. 

The bevel by which the face-mould is regulated to each 
side of the plank, is called the pitch. 

The formation of the upper and lower surfaces of a rail is 
called the faUing of the rail ; the upper surface of the rail is 
termed the back. 

In the construction of hand-rails, it is necessary to spring 
the plank, and then to cut away the superfluous wood, as 
direct€(d by the draughts, formed by the face-mold ; whichu 
may be done by an* experienced workman, so exactly, with a 
saw, as to require no further reduction ; and when set in its 
place, the surface on both sides will be vertical in all parts, 
and in a surface perpendicular to the plan. In order to form 
the back and lower surface, the falling mould is applied to 
one side, generally the convex, in such a manner, that the 
upper edge of the falling mould at one end, coincides with 
the face of the plank; and the same in the middle, and leaves 
so much wood to be taken away at the other end as will not 
reduce the plank on the concave side ; — the piece of wood 
to be thus formed into the wreath or twist being agreeable 
to their given heights. 

In the following figures, we have given the method of find- 
ing the moutds necessary for constructing a hand-rail on a 
circular plan. 

. Fi^. 623, b the plan, showing^ part of the winders, which in this case are 
eigh^ as also the seat of the joint. 

Fig. 624. Let AAA, &c. be the outside, and a a a, &c. the inside of the 
plan. B C D a line passing through the middle of the breadth, B C being 
straight, and C D one-fourm of the circumference of the circle, the point £ 
in the middle of the arc C D, B at one extremity of the line B C £ D, and 
D at the other. 

Divide the quadrant C D into any number of equal parts, which in this 
example are fbur. Draw the straight line M N, fig. 625, and make M N 
equal t& the development of the quadrant AAA, &c. on the convex side. 
Draw M O perpen<]Ucular to M N, and make M O equal to the height of a 
step; draw O P parallel to M N, and make O P equal in length to the width 
of a step, and join P M. 

Draw N s perpendicukr to M N^ In N « make N o eqt^ to the height of 
four of the winders, and join o M; curve off the angle at M, in the manner 
shown below, by intersection of lines. Through o draw x y perpendicular 
to M 0, make o x and o y each equal to half the width of the fallmg mould, 
and draw the upper and lower edges of the mould. 
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J(miDE»fir.624^and|UfodaceI>EtoF. Draw D 6 and EL. Mi&eDG 

equal to one-rourth» (or any part of,) the height from N to the upper edge 
ciihe falling mould. Fig. 625, and E L equal to one-fourth, or the same part, 
of the height from Q to the upper edge of the falling mould. Join G L and 
produce it to meet D E in F, join the dotted lihe B F. Draw I K, through the 
centre F» perpendicular to B F. Draw abyab, &c. meeting I K. At any con^ 
yenient distance from K I draw c(f parallel to I K. Make the perpendicular of 
the face-mould equal to its corresponding height on the falling-mould, and 
draw Uie straight line c e; then draw ordinates A &, A &, &c. continue them 
until they meet e e, and from the points of intersection draw perpendi- 
culars to c e» and set oiF the distances as shown by corre^ondinr letters. 
Then by tracing a curre through these points, the face-mould will be com- 
pleted. 

The top line rrr^ 8cc. fig. 625, is left on the &lling*mould, to reg^ate 
its poution when bent upon the convex surface, as the line f* r r, and wiU 
fall into the plane surface of the tc^ of the plank. This line is obtained by 
making the perpendiculars /r, 2 r, fr, &c. equal to the corresponding per- 
pendiculars/ 6, /&, &c. Hg. 624. To find the face-mould en a staircase. 
so that when set to its proper rake it wltt be perpendioalar to the plair 
whereon it stands for a level landing. 

Fig. 626. . Draw the central line, a b, parallel to the sides of the rail, 
on the right line a b apply the pitch-board of a flyer, from b to c draw 
ordinates nm^op, qr^ tt^u v^ ^ discretion, obieirving to dfaw one from 
the point r, so that you ma^ obtain the same point exactly in the face- 
mould; then take the parts which the ordinates give on the line a 6, and 
apply them at Fig. 627, and take the distances mn,po, &c. and transfer 
them so Fig. 627, and a curve tfarougli these points will be the face mould 
required. 

To find the falling mould. 

Fig. 626. Divide the radius of ^e circle into four equal parts, and set three 
of these parts from 4 to a/ through x y, the extremities of the diameter of 
the rail, draw a x and a y, producing Ux&n tiU they touch the tangent A B; 
then will A B be the circumference of the semicircle xby, which is applied 
from A to B, Fig. 628, as a base line. Make A tf the height of a step; draw 
the hypotenuse a B, apply the pitch board of a flyer at a 6 c, and B /«, then 
curve off* the angle by intersection of linea» and draw a line parallel to it 
for the upper edge of the mould. 



MEASURES CUSTOMARY IN JOINER's WORK. 

Prepared boarding is measured by the foot superficial; 
the following being the different distinctions :— edges shot; 
edge shot, ploughed and tongued ; wrought on on« side, 
and edges shot; wrought on both sides, and edges shot; 
wrought on both sides, ploughed, and tongued; boards 
keyed and clamped, mortise-clamped, and mortise and 
mltre-clamped. The prices are regulated according to the 
thickness. If the boards be glued, an additional price per 
foot is allowed ; if tpogued, still more, acoordii]^ to the 
description of tongue. In boarded flooring, the dimensions 
are taken to the extreme parts, from which the squares are 
to be computed. t)eduction8 for chimneys, stair-cases, 
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&C. are taken from this. The price depends on the surface, 
whether wrought or plain, the manner of the longitudinal and 
heading-joints, the thickness of stuff, whether the boards be 
laid one after the other, or folded, or whether the floor be laid 
with boards, battens, or wainscot. 

Skirting, when wide, is al^ measured by the foot superfi- 
cial ; the price depending upon the position, whether level, 
laking, or ramping, or upon the manner of finishing, whether 
plain, tortis, or rebated, of scribed to the floor, or to the steps, 
or upon the plan, whether straight or circular. 

Weather-boarding is measured by the square of 100 super- 
ficial feet. 

Boarded partitions are measured by the square, from which 
must be deducted the doors and windows, eicept an agree- 
nkent be made to the contrary. 

The pr ico of all kinds of framing depends on the thick- 
ness, or wliether the framing be plain or moulded ; and if 
moulded, the description of moulding, whether struck on the 
solid} or laid in, mitred^ or scribed ; as also upon the number 
of panels in a given height and breadth, and upon the nature 
of the plan. 

Tbediffereitt kindsof wainscotting, as window linings, door 
linings, bfck linings, partitions, doors, shutters, &c. are all 
measured by the superficial foot. 

Windows are in general valued by the foot superficial; 
though sometimes by the window. When measured, the di- 
mensH>BS are taken for height, front the top of the cill to the 
Qtider side of the head^ allowing seven inches for the head and 
cill ; and for width in clear of pulley ^stiles, allowing eight 
inches. The sash and frame are either measNired together or 
separately. 

Skylights are measured by the foot superficial, their price 
depending on the plan and elevation. Framed grounds at 
per foot run. 

Ledaed doors by the foot raperficial, dado by the superficial 
foot ; the price depending whether the plan be straight or 
circular, or the elevation level or inclined. 

In measuring stair-cases, the risers, treads, and carriages, 
are generally classed together, and measured by the foot su- 
perficial: the price varying as the steps are flyers or winders, 
as the risers are mitred into the string-board, tne treads dove- 
tailed for balusters, and the nosings returned, or whether the 
bottom of the ri^rs be tongued into the treads. The curtail 
step is generally valued as a whole. Returned nosings at so 
mneh each ; and if circular^ double the price of straight ones. 
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The brackets at so maoh each^ according to the pattern, and 
whether straight or circular. 

Hand-railing is measured by the foot run, the price depend- 
ing on the materials, the diameter of the well-hole, or whether 
ramped, swan-necked, level, circular,or wreathed, or whether 
made out of the solid, or in thicknesses. The scroll is paid 
at per piece. The joints at so much each, and three inches 
of the straight part at each end of the wreath are included in 
the measurement. Deal balusters are prepared and fixed at 
per piece ; as also iron balusters, iron column to curtail, hous- 
ings to steps, &e. An extra allowance is made for the addi- 
tional labour in fixing the iron balusters. 

The price of string-board is regulated by the foot superfi- 
cial, according to the manner in which it is moulded, whether 
straight, circular, or wreathed, and the manner in which such 
string is backed. The shafts of columns are measured by the 
foot superficial ; the price depending upon the diameter, and 
whether it be straight or curved, or properly glued and 
blocked. If the column be fluted or reeded, the flutes or 
reeds are measured by the foot riin, their price depending 
upon the size of the flute or reed. The headings of flutes and 
reeds are at so much each. Pilasters, straight or curved, in 
the height, are measured in the same way, and the price taken 
per foot superficial in the caps and bases if pilasters^ besides , 
the mouldings, the mitres must be so much each, according 
to the size. 

Mouldings are valued by the foot run, as double-fiited ar- 
chitraves, base and surbase. The head of an architrave in a 
circular wall, is four times the price of the perpendicular parts, 
not only on account of the time required to form the mould- 
ings to the circular plan, but on account of the greaterdifiicul- 
ty of forming the mitres. 

All horizontal mouldings, circular upon plan, are three or 
four times the price of those on a straight plan ; being charged 
more, as the radius of the circle is less : housings to mouldings 
are vajued at so much each, according to the size. 

The price per superficial foot of moulding is regulated by 
the number of quirks, for each of which an addition is^made* 
to the foot. 

The price of mouldings depends also upon the materials 
of which they are made, and upon their running figure, 
whether curved or raking. 

In grooving,' the stops are paid over and above, and so 
much more must be allowed for all grooves wrought by 
hand, particularly in the parts adjoining the concourse of 
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an angle : circular grooving must be paid still more. Water 
trunks are measured by the foot run ; the rate depending 
"upon the side of their square : the hopper-beads and shoes 
are valued at so much each, as also are the moulded weather 
caps, and the joints. Scaffolding, &c. used in fixing, is 
charged extra. ^ 

Flooring-boards Are prepared, that is, planed, gauged, and 
rebated to a thickness at so much each, the price depending 
upon the length of each board; if more than nine inches 
broad, the rate is increased according to the additional width ; 
each board Iistin|[ at so much per list. 

The following is a classification of such articles in joinery 
as are usually rated at so much each. 



Trusses. 

Cantalivers. 

Kule-joints. 

Cut brackets for shelves. 

Housings in general. 

Housings to steps. 

Cuttings to standards. 

Elbow ciq)pings. 

lletumed moiSded nosings to steps. 

Caps to hand-rsdls. 

Scroll of hand-rails. 

Making and fixing joints of hand-ndls 

with joint screws. 
Fixing iron columns in curtails. 
Fixing iron baluster, and preparing 

mould. 
Preparing and fii^tig deal balusters. 



Brackets to stairs. 

Curtail step. 

Clamp-mitres. 

Mitres of pilasters according tothdr 
size. 

Mitres of cornices. 

Headings to fiutes and reeds. 

Hopper-heads and shoes to water- 
trunks. 

Joints to water-trunks. 

Preparing flooring-boards and bat- 
tens. 

Fixing locks and fastenings, per arti- 
cle. 

Hole in seat of water-closet 

Patteras. 



JlrticlcB at per foot runnings or lineal. 



sinking to shelves. 

Moulded raisings of panels. 

AU raised panels in the extremity 
of the raising to be charg^ ex- 
tra. 

Capping to wsdnscot. 

Level circular string-boards to 
sturs. 

Hand-ndls 

Newels to stairs. 

Moulded planiers in stairs. 

Sinking in rail for iron rail or balus- 
ters. 

Water-trunks and spouts. 

Skirting and door-grounds. 

Beads or fillets. 



Fillets mitred on panels. 

Square or beaded angle-staff rebat- 
ed. 

Mouldings. 

Single cornice. 

Single-faced architrave. 

Pilasters under four inches wide. 

Boxingpi to windows. 

Ornamental grooving. 

Narrow linings. 

Legs, rsuls, and runners of dre»* 
sers. 

Border to hearth. 

Base-moulding. 

Surbase-moulding. 

Narrow skirting. 



Articles at per foot superficial. 



Deals planed, ploughed, tongued, 
beaded, glued, and clainped. 



Skirting. 

Saflh-ihunes and sishes. 
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Skylights. Steps and rises to stiursi iiicludiii£^ 

Back, elbow, soffits. carriages. 

Shatters. Cradling. 

Framed or pUun back-Hnings. Double^aced atchitraves. 

Door-lining^, jambs. Mouldings wvonght by band, if 

Wsdnscotting. large. 

Dado. , Shafts and columns. 

Partitions. * 



PLASTERING. 

The Plasterer is a workman to whom the decorative part 
of architecture owes a co08iderable portion of its effect, and 
whose art is requisite in every kind of building. 

The tools of the plasterer consists of a spade or shovel 
of the usual description; a rdke^ with two or three prongs, 
bent downwards from the line of the handle, for mixing the 
hair and mortar together ; trowels of various kinds and sizes; 
stopping and picking-out tools; rules called strcAght-edges ; 
and wood modds. 

The trowels used by plasterers are more neatly made than 
tools of the same name used by other artificers. The laying 
and smoothing tool consists of a flat piece of hardened iron, 
about ten inches in length, and two inches and a half wide, 
very thin, and ground to a semicircular shape at one end, but 
left square at the other ; and at the back of the plate, near 
the square end, is rivetted a small iron rod with two legs, 
one of which is fixed to the plate, and the other to a round 
wooden handle. With this tool all the first coats of plaster is 
laid on, as are also the last, or, as it is technically termed, 
the setting. The other kinds of trowels are made of three 
or four sizes, for gauging the fine stuff and plaster, used in 
forming cornices, mouldings, &c. The longest ^ise of these 
is about seven inches on the plate, which is of polished steel, 
about two inches and three-quarters broad at the heel, di- 
verging gradually to a point. To the heel or broad end a 
handle is adapted. 

The stopping and picking-out tools are made of polished 
steel, of different sizes, though most generally about seven or 
eight inches in length, and half an inch in breadth, fiatteaed 
at both ends, and ground somewhat round. These tools are 
used in modelling and finishing mitres and returns to cor- 
nices; as likewise in filling-up and perfecting the ornaments 
at the joinings. 

The straight edges are for keeping the work in an even, 
or perpendicular line ; and the modeU ox mouldiS are for run- 
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ntng plain mouldiDgs, cornices, &c.; of these latter the plas- 
terer requires a great number, as very little of his finishing 
can be done witbopt them. 

Experienced workmen keep their tools very clean, and 
have them daily polished by the hawk-boys. 

Plasterers have technical divisions of their work, by which 
its quality is designated, and value ascertained ; as, lathing; 
laying ; pricking-up ; lathing, laying, and set ; lathing, float- 
ing, and set; screed, set or putty; rendering and set, or 
rendering, floated, and set ; trowelled stucco, &c. ; each of 
which, hereafter, we shall very minutely explain. 

In all the operations of plasteringjlimeextensivelyabounds; 
we shall, therefore, first offer some observations on the pro- 
perties of this important article. 

All who have written on the subject of lime, as a cement, 
have endeavoured to ascertain what is the due proportion 
of sand for making the most perfect cement; but with a 
little attention it is evident, that all prescribed rules must 
be so very vague and uncertain, as to be of little utility to 
the workman, for, besides the variation which is occasioned 
by a more or less degree of calcination, it is a certain fact, 
that some kinds of lime-stone are much more pure, and conn 
tain a much smaller proportion of sand than others ; conse- 
quently, it would be absurd to say, that pure lime requires as 
small a proportion of sand, when made into, mortar, as that 
which originally contained in itself a large proportion. 

The variation thus produced, in regard to the proportion 
of sand, is found to be extremely great. It is, however, 
stated, that the best mortar which has come under examina- 
tion, was formed of eleven parts of sand to one of lime : 
to which was added, by measure, between twice and thrice 
its own bulk of sand, which may be allowed to have been at 
least three times its quantity by weight. Supposing, there- 
fore, that every particle of the lime had been so perfectly 
calcined as to be in a caustic state, there could not be less 
than forty-seven parts of sand to one of lime ; but it is hard 
to suppose, that above one hundredth part of this mass, in- 
dependent of the water, consisted of pure caustic calcareous 
earth. 

. From these considerations it is conceived, that it is im- 
possible to prescribe any determinate proportion of sand to 
lime, as that must vary according to the nature of the lime, 
and other incidental circumstances, which would form an 
infinity of exceptions to any general rule. But it iwould 
Vol. II.~W 
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seem, that it might be safely inferred, that the modems in 
general rather err in giving too little, than in giving too 
much sand. It deserves, however, to be noticed, that the 
sand, when naturally in the lime-stone, is more intimately 
blended with the lime, than can possibly be ever effected by 
any mechanical operation ; so that it would be in vain to 
hope to make equally good mortar artificially from pure lime, 
with so small a proportion of caustic calcareous matter, as 
may sometimes be effected when the lime naturally contains 
a very large proportion of sand. Still, however, there seems 
to be tio doubt, that if a much larger proportion of sand than 
is comnK)n were employed, and that more carefully and ex- 
peditiously blended and worked, the mortar would be made 
much more perfect, as has been proved by actual experiments. 

Another circumstance, which greatly tends to vary the 
quality of cement, and to make a greater or smaller pro- 
portion of sand necessary, is, the mode of preparing the lime 
before it is beaten up into mortar. When for plaster, it is 
of great importance to havo every particle of the lime-stone 
slaked before worked-up, for, as smoothness of surlace is the 
most material point, if any particles of lime bo beaten-up 
before sufficiently slaked, the water still continuing to acton 
them, will cause them to expand, which will produce those 
excrescences on the surface of the plaster, termed blisters. 
Consequently, in order to obtain a perfect kind of plas- 
ter, it is absolutely necessary that the lime, before being 
worked, be allowed to remain a considerable time mace- 
rating or sowing in water : the same sort of process, though 
not absolutely required, would considerably Improve the 
lime intended for mortar. Great care is required in the 
management ; the principal thing being the procuring of 
well-burnt lime, and allowing no more lime, before worked, 
than is just sufficient to macerate or aotir it with the water: 
the best burnt lime will require the maceration of some 
days. 

It has been almost universally admitted, that the hardest 
lime-stone affords the lime which will consolidate into the 
firmest cement ; hence, it is generally concluded, that lime 
made of chalk produces a much weaker cement than that 
made of marble, or lime-stone. It would seem, however^ 
that, if ever this be the case, it is only incidentally, and not 
necessarily. In the making of mortar, other substances are 
occasionally mixed with lime, which we shall here proceed 
to notice, and endeavour to point out their excellencies and 
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defects. Those commonly used, besides sand of Tarious 
denominations, are powdered sand-stone, brick-dust, and 
sea-shells: and for forming plaster, where closeness rather 
than hardness is required, lime which has been slaked and 
kept in a dry place till it has become nearly effete, and 
powdered chalk, or whiting, and gypsum, in various pro^ 
portions, besides hair and other materials of a similar nature. 
Other ingredients have been more lately recommended, such 
as earthy balls, slightly burnt and pounded, old mortar 
rubbish, powdered and sifted, and various things of the like 
kind, the whole of which are, in some respect or other, objec- 
tionable. 

Plaster of Paris is employed by the plasterer to give the 
requisite form and finish to all the superior parts of his work. 

It is made of a fossile stone, called gypsum, which is ex- 
cavated in several parts of the neighbourhood of Paris, 
whence it derives its name, and is calcined to a powder, to 
deprive it of its water of crystallization. The best is Mont-, 
martre. 

The stones are burnt in kilns, which are generally of very 
simile construction, being not unfrequently built of the gyp- 
sum itself. The pieces to be calcined are loosely put together 
in a parallelepiped heap, below which are vaulted pipes or 
flues, for the application of a moderate heat. 

The calcination must not be carried to excess ; as other- 
wise the plaster will not form a solid mass when mixed with 
a certain portion of water. During the process of calcination, 
the water of crystallization rises as white vapour, which if 
the atmosphere be dry, is quickly dissolved in air. 

The pounding of the calcined fragments is performed some- 
times in mills constructed for the purpose, and sometimes by 
men, whose health is much impaired by the particles of dust 
settling upon their lungs. 

On the river Wolga, in Russia, where the burning of gyp- 
sum constitutes one of the chief occupations of the peasantry, 
all kinds of gypsum are burnt promiscuously on grates made 
of wood ; afterwards the plaster is reduced to powder, passed 
through a sieve, and finally formed into small round cakes, 
which are sold at so much per thousand. 

These balls are reduced into an impalpable powder by the 
plasterer, and then mixed with mortar. The less the gypsum 
18 mixed with other substances, the better it is qualified for the 
purpose of making casts, stucco, &c. The sparry gypsum, or 
selenite, which is the purer kind, is employed for taking im- 
presBtoiM from coins and medals, and for making those beau* 
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tiful imitations of marble, granite, and porphyry, known by 
the name of scagliota^ which is derived from the Italian word 
9cagU. 

Finely powdered alabaster, or plaster of Paris, when heat- 
ed in a crucible, assumes the appearance of a fluid, by rolling 
in waves, yielding to the touch, steaming, Slc. all of which 
properties it again loses on the departure of the heat : if 
taken from the crucible and thrown upon paper, it will not 
wet it ; but immediately be as motionless as it was before ex- 
posed to the heat. 

Two or three spoonfuls of burnt alabaster mixed up thin 
with water, will, at the bottom of a vessel filled with water, 
coagulate into a hard lump, notwithstanding the water that 
surrounds it. The coagulating or setting property of burnt 
alabaster will be very much impaired, or lost, if the powder 
be kept for any considerable time, and more especially in 
the open air. When it has been once tempered with water, 
and suffered to grow hard, it cannot be rendered of any fur-^ 
ther use. 

Plaster of Paris, diluted with water into the consistence of 
a soft or thin paste, quickly sets, or grows firm, and at the 
instant of its setting, has its bulk increased. This expansive 
property, in passing from a soft to a firm state, is one of its 
valuable properties ; renderingit an excellent matter for fill- 
ing cavities in sundry works, where other earthy mixtures 
would shrink and leave vacuities, or entirely separate from 
the adjoining parts. It is also probable that this expansion of 
the plaster might be made to contribute to the elegance of the 
impressions it receives from medals, &c. by properly con- 
fining it when soft, so that, at its expansion, it would be forced 
into the minutest traces of the figures. 

A plaster of a coarser description, made of a bluish 
stone, much like that of which Dutch terras are made, is 
sometimes used in this country, for floors in gentlemen's 
houses, and for corn-granaries. This stone, when burnt after 
the manner of lime, assumes a white appearance, but does 
not ferment on being mixed with water : when cold, it is 
reduced to a fine powder. About a bushel of this powder 
is put into a tub, and water is applied till it becomes liquid. 
In this state it is well stirred with a stick, and used imme- 
diately ; for in less than a quarter of an hour it beccnnes 
bard and useless^ as it will not allow of being mixed a second 
time. 

Other cements are used by plasterers for inside work* 
The first is called lime and hair^ or coarse 9bvff^ and is pre- 
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pared as common mortar, with the addition of hair from the 
tan-yards. The mortar is first mixed with a requisite quanti- 
ty of sand, and the hair is afterwards worked in by the ap* 
plication of a rake. 

Next to this is fine stvff^ which is merely pure lime, 
slaked first with a small quantity of water, and afterwards, 
without any extraneous addition, supersaturated with water, 
and put into a tub in a half fluid state, where it is allowed to 
remain till the water is evaporated. In some particular 
cases, a small portion of hair is incorporated. When this fine 
stuff is used for inside walls, it is mixed with very fine 
washed sand, in the proportion of one part sand to three 
parts of fine stuff, and is then called trowelled or bastard 
stucco^ with which all walls intended to be painted are 
finished. 

The cement called guage stvff^ consists of three-fifths of 
fine-stnfiT, and onc'-fifth plaster of Paris, mixed together with 
water, in small quantities at a time, to render it more ready 
to set. This composition is mostly used in forming cornices 
and mouldings run with a wooden mould. When great expe- 
dition is required, plasterers guage all their mortars with 
plaster of Paris, which sets immediately. 

The technical divisions of plasterer's work shall now claim 
our attention. 

Lathings the first operation, consists in nailing laths on the 
ceiling, or partition. If the laths be of oak, they will require 
wrought iron nails ; but if of deal, nails made of cast iron« 
may be used. Those mostly used in London are of fir, im- 
ported from America and the Baltic, in pieces called staves. 
Laths are made in three foot and four foot lengths : and 
with respect to their thickness and strength, are either sin- 
gle, lath and half, or double. The single are the thinnest and 
cheapest ; those called UAH and half ^ are supposed to be one-^ 
third thicker than the single ; and the double laths are twice 
that thickness. In lathing ceilings, the plasterer should use 
both the lengths alluded to, and in nailing them up, should 
so dispose them that the joints be as much broken as possi- 
ble, that they may have the stronger key or tie, and thereby 
strengthen the plastering with which they are to be covered. 
The thinnest laths are used in partitions, and the strongest 
for ceilings. 

Laths are also distinguished into heart and sap laths: the 
former should always be used in plain til'mg; the latter, which 
are of inferior quality, are most frequently used by the plas- 
terer. 
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Laths should be as evenly split as possible. Those that are 
very crooked should not be used, or the crooked part should 
be cut out; and spch aa have a short concavity on the one 
side, and a convexity on the other, not very prominent, should 
be placed with the concave sides outwards. 

The following is the method of rendering or splitting laths* 
The lath-cleavers having cut the'ur timber into the required 
lengths, cleave each piece with wedges, into eight, twelve, ox 
sixteen pieces, according to the scantling of the timber, call- 
ed boUs; and then, with dowl-axes, in the direction of the felt* 
grain, iermed felting, into sizes for the breadth of the laths; 
and, lastly, with the chity clear them into thicknesses by the 
quarter grain. 

Having nailed the laths in their appropriate order, the 
plasterer's next business is to cover them with/ plaster, 
the most simple and common operation of which, is laying; 
that is, spreading a single coat of lime and hair over the 
whole ceiling, or partition ; carefully observing to keep it 
smooth and even in every direction. This is the cheapest 
kind of plastering. 

PricJdng'Up is performed in the same mann^ as the fore- 
going, but is only a preliminary to a more perfect kind of 
work. After the plaster is laid on, it is crossed all over with 
the end of a lath, to give it a tie or key to the coat, which ia 
afterwards to be laid upon it. 

Lathing, laying, and set, or what is termed lath and plas^ 
ter,one coo^ and m^, is, when the work, after being latbed^is 
covered with one coat of lime and hair, and afterwards, when 
sufficiently dry, a thin and smooth coat spread over it, e<Ni* 
sisting of lime only, or, as the workmen call it, putty^ or aet* 
This coat is spread with a smoothing-trowel, used by the 
workman with his right hand, while bis left hand moves a 
large flat brush of hog's bristle% dipped in water, backwards 
and forwards over it, and thus ptodoces a surfiice tolerably 
even for cheap work. 

Lathing, jhating, and set, or lath and placer ^ one 00(0^ 
Jloated and «e£, differs from the foregoing in having the first 
coat pricked up to receive the set, which is hei^ called the 
floating. In ddng this, the plasterer is provided with a 
substantial straight^ge, frequently from ten to twelve feet 
in length, which must be used by two workmen. All the 
parts to be floated are tried by a plumb-line, to ascertain 
whether they be perfectly flat and level, and whenever any 
deficiency appears, the hollow is filled up with a trowel fiiU 
or more of lime and hair only, which is termed fiUing-omtf 
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and when these preliminaries are settled, the screeds are next 
formed. The term screed signifies a style of lime and hair, 
about seven or eight inches in width, gauged quite true, by 
drawing the straight-edge over it until it be so. These screeds 
are made at the distance of about three or four feet from 
each other, in a vertical direction, all round the partitions 
and V(ralls of a room. When all are formed, the intervals 
are filled up with lime and hair, called by the workmen, stiff, 
till flush with the face of the screeds. The straight-edge is 
then worked horizontally on the screeds, by which all the 
superfluous stuff, projecting beyond them in the intervals is 
removed, and a plain surface produced. This operation is 
termed ^oa^ing, and may be applied to ceilings as well as to 
partitions, or upright walls, by first forming the screeds in 
the direction of the breadth of the apartment, and filling 
up the intervals as above described. As great care is requi- 
site to render the plaster sound and even, none but skilful 
workmen should be employed. 

The set to fioated-work is performed in a mode similar to 
that already prescribed for laying; but being employed only 
for best rooms, is done with more care. About one-sixth of 
plaster of Paris is added to it, to make it set more expedi- 
tiously, to give it a closer and more compact appearance, and 
to render it more firm and better calculated to receive the 
white-wash or colour when dry. For floated stucco-work the 
pricking-upcoat cannot be too dry ; but, if the floating which 
IS to receive the setting coat be too dry, before the set is laid 
on, there will be danger of its peeling off or of assuming the 
appearance of little cracks, or shells, which would disfigure 
the work. Particular care and attention therefore must be 
paid to have the under coats in a proper state of dryness. It 
may here be observed, that cracks, and other unpleasant ap- 
pearances in ceilings, are more frequently the effect of weak 
laths being coverea with too much plaster, or too little plaster 
upon strong laths, rather than of any sagging or other inade- 
quacy in the timbers, or the building. If the laths be pro- 
perly attended to, and the plaster laid on by a careful and 
judicious workman, no cracks or other blemishes are likely 
to appear. 

The next operation combines both the foregoing pro- 
cesses, but requires no lathing ; it is called rendering and set, 
or rendering, floated, and set. What is understood by 
rendering, is the covering of a brick or stone wall with a 
coat of lime and hair, and by set is denoted a superficial 
coat of fine stuff or putty upon the rendermg. These ope- 
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rations are Bimilar to those described for setting of ceilings 
and partitions ; and the floated and set is laid on the render- 
ing in the same manner as on the partitions, &c. already ex- 
plained, for the best kind of work. 

Trowelled stucco, which is a very neat kind of work, used 
in dining-rooms, halls, &c. where the walls are prepared to 
be painted, must be worked upon a floated ground, and the 
floating be quite dry before the stucco is applied. In this 
process the plasterer is provided with a wooden tool^ called 
afloat^ consisting of a piece of half-inch deal, about nine 
inches long and three wide, planed smooth, with its lower 
edges a little rounded off, and having a handle on the upper 
surface. The stucco is prepared as above described, and 
afterwards well beaten and tempered with clear water. 
The ground intended to be stuccoed is first prepared with 
the large trowel, and is made as smooth and level as possi- 
ble ; when the stu(!co has been spread upon it to the extent 
of four or five feet square, the workman, with a float in his 
right hand and a brush in his left, sprinkles with water, and 
rubs alternately the face of the stucco, till the whole is reduc- 
ed to a fine even surface. He then prepares another square 
of the ground, and proceeds as before, till the whole is com- 
pleted. The water has the effect of hardening the face of the 
stucco. When the floating is well performed, it will feel as 
smooth as glass. 

Roughcasting, or rough walling, is an exterior finishing, 
much cheaper than stucco, and, therefore, more frequently 
employed on cottages, farm-houses, &c. than on buildings 
of a higher class. The wall intended to be rough-cast, is 
first pricked-up with a coat of lime and hair ; and when 
this is tolerably dry, a second coat is laid on, of the same 
materials as the first, as smooth as it can possibly be spread. 
As fast as the workman finishes this surface, he is followed 
by another with a pail-full of rough-cast, with which he 
bespatters the new plastering, and the whole dries together. 
The rough-cast is composed of fine gravel, washed from all 
earthy particles, and mixed with pure lime and water till 
the whole is of a semi-fluid, consistency. This is thrown 
from the pail upon the wall with a wooden float, about five 
or six inches long, and as many wide, made of half-inch 
deal, and fitted with a round deal handle. While, with this 
tool, the plasterer throws on the rough-cast with his right 
hand, he holds in his lefl a common whitewashcrs' brush, 
dipped in the rough-cast also, with which he brushes and 
colours the mortar and the rough-cast he has already spread^ 
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to give them, when finished, a regular uniform colour and 
appearance. 

Cornices are either plain or ornamented, and sometime$ 
embrace a portion of both classes. The first point to be 
attended to is, to examine the drawings, and measure the 
projections of the principle members, which, if projecting 
more than seven or eight inches, must be bracketed. This 
consists in fixing up pieces of wood, at the distance of about 
ten or twelve inches from each other, all round the place pro- 
posed for the cornice, and nailing laths to them, covering the 
whole with a coat of plaster. In the brackets, the stuff neces- 
sary to form the cornices must be allowed, which in general 
is about one inch and a quarter. A beech mould is next made 
by the carpenter, of the profile of the intended cornice, about 
a quarter of an inch in thickness, with the quirks, or small 
sinkings, of brass or copper. All the sharp edges are care- 
fully removed by the plasterer, who opens with his ^nife all 
the points which he finds incompetent to receive the plaster 
freely. 

These preliminaries being adjusted, two workmen, pro- 
vided with a tub of putty and a quantity of plaster of Paris, 
proceed to run the cornice. Before using the mould, they 
gauge a screed of putty and plaster upon the wall and ceil- 
ing, covering so much of each as will correspond with the 
top and bottom of the intended cornice. On this screed 
one or two slight deal straight-edges, adapted to as many 
notches or chases made in the mould for it to work upon, 
are nailed. The putty is then mixed with about one-third 
of plaster of Paris, and brought to a semi-fiuid state by the 
addition of clean water. One of the workmen, with two or 
three trowels-full of this composition upon his hawk^ which 
he holds in his left hand, begins to plaster over the surface 
intended for the cornice, with his trowel, while his partner 
applies the mould to ascertain when more or less is wanted. 
When a sufllcientquantity of plaster is laid on, the workman 
holds his mould firmly against both the ceiling and the wall, 
and moves it backwards and forwards, which removiesthe 
superfluous stuff, and leaves an exact impression of the mould 
upon the plaster. This is not effected at once; for while 
he works the mould backwards and forwards, the other work- 
man takes notice of any deficiencies, and fills them up by 
adding fresh isupplies of plaster. In this manner a cornice 
from ten to twelve feet in length may be formed in a very; 
short time; indeed, expedition is essentially requisite, as 
the plaster of Paris occasions a very great tendency in the 
Vol. II.— X 
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patty to set, to prerent which it is necessary to sprinkle 
the composition frequently with water, as plasterers, in order 
to secure the truth and correctness of the cornice, generally 
endeavour to finish all the lengths, or pieces, between any 
two breaks or projections, at one time. In cornices which 
have very large proportions, and in cases where any of the 
orders of architecture are to be introduced, three or four 
moulds are required, and are similarly applied, till all the 
parts are formed. Internal and external mitres, and small 
returns, or breaks, are afterwards modelled and filled up by 
hand. 

Cornices to be enriched with ornaments, have certain in- 
dentations, or sinkings, left in the mould in which the casts are 
laid. These ornaments were formerly made by hand ; but 
now are cast in plaster of Paris, from clay models. When 
the clay model is finished, and has, by exposure to the action 
of the atmosphere, acquired some degree of firmness, it is let 
into a wooden frame, and when it has been retouched and 
finished, the frame is filled with melted wax, which when 
cold is, by turning the frame upside down, allowed to fall ofi", 
being an exact cameo, or counterpart, of the model. By 
these means, the most enriched and curiously wrought mould- 
ings may be cast by the common plasterer. These wax mo- 
dels are contrived to cast about a foot in length of the orna- 
ment at onc^; such lengths being most easuy got out from 
the cameo. The casts are made of the finest and purest plas- 
ter of Paris, saturated with water ; and the wax mould is oiled 
previously to its being put in. When the casts, or intaglios, 
are first taken from the mould, they are not very firm ; but being 
suffered to dry a little, either in the open air or an oven, 
they acquire sufficient hardness to allow of being scraped and 
cleaned. 

Basso-relievos and friezes are executed in a similar man- 
ner, only the wax mould is so made, that the cast can have a 
back-ground at least half an inch thick of plaster-cast to the 
ornament or figure, in order to strengthen and secure the 
proportions, at the same time that it promotes the general 
effect. 

The process for capitals to columns is also the same, except 
that numerous moulds are required to complete them. In the 
Corinthian capital a shaft or belt is first made, on which is 
afterwards fixed the foliage and voltites ; the whole of which 
require distinct cameos. 

In running cornices which are to be enriched, the plas- 
terer takes care to have proper projections in the running- 
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mould, so as to make a groove in the cornice, for the recep- 
tion of the cast ornament, which is laid in and secured by 
spreading a small quantity of liquid plaster of Paris on its 
back. Detached ornaments intended for ceilings or other 
parts, and where no running mould has been employed, are 
cast in pieces corresponding with the design, and fixed upon 
the ceiling, (be. with white-lead, or with the composition 
known by the name of iron-cement. 

The manufacture of stucco has, for a long time past, at- 
tracted the attention of all connected with this branch of 
building, as well as chemists and other individuals; but the 
only benefit resulting from such investigation is, a more ex- 
tensive knowledge of the materials used. It would seem, 
that the great moisture of our climate prevents its being 
brought to any high degree of perfection ; though, among 
the various compositions which have been tried and pro- 
posed, some, compt^ratively speaking, are excellent. 

Common stucco, used for external work, consists of clean 
washed Thames sand and ground Dorking lime, which are 
mixed dry, in the proportion of three of the latter to one of 
the former: when well incorporated together, these should 
be secured from the air in casks till required for use. Walls 
to be covered with this composition, must first be prepared, 
by raking the mortar from the joints, and picking the bricks 
or stones, till the whole is indented : the dust and other 
extraneous matter must then be brushed off, and the wall 
well saturated with clean water. The stucco is supersatu- 
rated with water, till it has the appearance and consistence 
of ordinary white-wash, in which state it is rubbed over the 
wall with a fiat brush of hogs' bristles. When this process, 
called roughing in, has been performed, and the work has 
become tolerably dry and hard, which may be known by its 
being more white and transparent, the screeds are to be 
formed upon the wall with fresh stucco from the cask, tem- 
pered with water to a proper consistency, and spread on the 
upper part of the wall, about eight or nine inches wide ; as 
also against the two ends, beginning at the top and proceeding 
downwards to the bottom. In this operation two workmen 
are required ; one to supply the stucco, the other to apply 
the plumb-rule and straight-edge. When these are truly 
formed, other screeds must be made in a vertical direction, 
about four or five feet apart, unless apertures in the wall 
prevent it, in which case they must be formed as near toge- 
ther as possible. When the screeding is finished, compo is 
prepared in larger quantities, and both the workmen spread 
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It with their trowels over the wall in the space left between 
each pair of screeds. When this operation is complete, the 
straight-edge is applied, and dragged from the top to the 
bottom of each pair, to remove whatever superfluous stucco 
may project above the screeds. If there be any hollow 
places, fresh stucco is applied, and the straight-edge is again 
drawn over the spot, till the compo is brought even to the 
face of the screeds, and the whole is level with the edge of 
the rule. Another interval is then filled up, and the work- 
men thus proceed till the whole of the wall is covered. The 
wall is finished by floating, that is, hardening the surface, 
by sprinkling it with water, and rubbing it with the com- 
mon wood-float, which is performed similarly to trowelling 
stucco. 

This description of compo is frequently used by plas- 
terers for cornices and mouldings, in the same manner as 
described in common plastering ; but if the workman finds 
U necessary, he may add a small quantity of plaster 6f Paris, 
to make it fix the better while running or working the mould. 
Such addition is not, however, calculated to give strength to 
the stucco, and is only made through the necessity of having 
a quick set. 

In the year 1 796, Mr Parker obtained a patent for a cement 
that is impervious to water, and which may be successfully 
employed in ice-houses, cisterns, tanks, &c. In his speci- 
iBcation Mr Parker states, that " nodules of clay, or argil- 
laceous stone, generally contain water in their centre, sur- 
rounded by calcareous crystals, having veins of calcareous 
matter. They are formed in clay, and are of a brown colour 
like the clay." These nodules he directs should, after being 
broken into small pieces and burnt in a kiln, with a heat that 
is nearly sufficient to vitrify them, be reduced to powder : 
when two measures of water added to five of this powder, 
will produce tarras. Lime and other matters may be added 
or withheld at pleasure ; and the proportion of water may be 
varied. 

The term of the patent being now expired, many other 
manufactories of this cement have been established, which 

Eroduce it of equal goodness, and ^ome of them of rather 
etter colour, which is of importance, since the fresco^paint- 
ing, or white-wash, laid on Mr Parker's composition, is soon 
taken off by the rain, and leaves the walls of a dingy and un- 
pleasant appearance. 

The fresco-painting, or stainiifg, is laid on the walls co^ 
vered with this cement, to give them the appearance of 
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stone buildings ; and is performed by diluting sulphuric acid, 
{oil of vitriol,) with water, and adding fluid ochres, <fec. of 
the required tint. 

When stucco is washed over with this mixture, the affinity 
existing in the iron of the cement ceases ; and the acid and 
colour suspended in and upon the stucco are fixed. When 
dexterously managed, the surface assumes the appearance of 
an ashlar bond of masonry. 

Scagliola is a distinct branch of plastering, discovered or 
invented, and much used in Italy, and thence introduced 
into France, where it obtained its name ; the late Mr H. 
Holland, who introduced it into England, engaged artists 
from Paris, some of whom, finding a demand for their labour, 
remained in this country, and instructed the natives in the 
art. 

Columns and pilasters are executed in this branch of 
plastering in the following manner: A wooden cradle, 
composed of thin strips of deal, or other wood, is made to 
represent the column designed ; but about two inches and a 
half less in diameter than the shaft is intended to be when 
finished. This cradle is lathed round, as for common plas- 
tering, and then covered with a pricking-up coat of lime, 
and hair. When this is quite dry, the artists in scagliola 
commence operations, by imitations of the most rare and 
precious marbles, with astonishing and delusive effect^ in- 
deed, as the imitation takes as high a polish, and feels 
as cold and bard as the most compact and solid tnarble, no- 
thing short of actual fracture can possibly discover the coun- 
terfeit 

In preparing the scagliola, the workman selects, breaks, and 
calcines the purest gypsum, and as soon as the largest frag- 
ments, in the process of calcination, lose their brilliancy, with- 
draws tbe fire, and passes the calcined powder through & very 
fine sieve, and mixes it, as required for use, with a solution 
of glue, isinglass, &c. In this solution the colours required in 
the marble to be imitated are diffused ; but when the work is 
to be of various colours, each colour is prepared separately, 
and afterwards mingled and combined, nearly in the same 
ni^ner as a painter mixes on his palette the primitive colours 
to compose the different tints. 

When the powdered gypsum is prepared, it is laid on the 
shaft of the intended column, over the pricked-up coat of 
lime and hair, and is then floated with moulds of wood, 
made to the requisite size : the artist uses the colours neces- 
sary for the imitation daring the floatibg, by which means 
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they mingle and incorporate with the surface. To obtain 
the glossy lustre, so much admired in works of marble, the 
workman rubs the work with one hand with a pumice-stone, 
while with the other he cleans it with a wet sponge : he next 
polishes it with tripoli, charcoal, and a piece of fine linen; 
afterwards with a piece of felt dipped in a mixture of oil and 
tripoli, and finally completes the work by the application of 
pure oil. This imitation is, certainly, the most complete that 
can be conceived; and when the bases and capitals are made 
of real marble, as is the common practice, the deception is 
beyond discovery. If not exposed to the weather, it is, in 
point of durability, little inferior to real marble, retains its 
lustre full as long, and is not one-eighth of the expense 
of the cheapest kind. 

There is another species of plastering, used in the decora- 
tive parts of architecture, and for the frames of pictures, look- 
ing-glasses, &c. which is a perfectly distinct branch of the 
art. This composition, which is very strong, and, when quite 
dry, of a brownish colour, consists of the proportion of two 
pounds of powdered whiting, one pound of glue in solution^ 
and half a pound of linseed oil, mixed together, and heated 
in a copper, and stirred with a spatula till the whole is incor- 
porated. When cool, it is laid upon a stone, covered with 
powdered whitingfand beaten till it assumes a tough and firm 
consistence; after which it is covered with wet cloths, to keep 
it fresh, till required for use. 

The ornaments to be cast in this composition are modelled 
in clay, as in common plastering, and afterwards a cameo, or 
mould, is carved in box-wood. This carving requires to be 
done with the utmost care, otherwise the symmetry of the 
ornament which is to be cast from it will be spoiled. The 
composition, when required for use, is cut with a knife into 
pieces of the requisite size, and forced into the mould ; after 
which it is put into a press, worked by an iron screw, and 
still further compressed. When the mould is taken fron^ 
the press, the composition, which is generally cast about a 
foot in length, is dislodged from the mould, and the super- 
fluous parts pared off with a knife, and cast into the copper 
for the next supply. 

The ornaments thus formed, are glued upon wooden, or 
other grounds, or fixed by means of white lead, &c. ; after 
which they are painted or gilt, according to the purposes for 
which they are intended. This composition is at least 80 per 
cent, cheaper than carving, and, in most cases, equally calcu- 
lated to answer all the purposes of the art. 
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It is much to be wished, that the art of plastering could 
be restored to its ancient perfection ; for the Romans possess- 
ed an art of rendering works of this kind much more firm and 
durable than can be accomplished at the present time. 

The specimens of ancient Roman plastering still visible, 
which have not been injured by force, are found to be firm 
and solid, free from cracks or crevices, and as smooth and 
polished on the surface as when first applied. The sides and 
bottoms of the Roman aqueducts were lined with this plaster- 
ing, and endured many ages. 

At Venice, some of the roofs of houses, and the floors of 
rooms, are covered with a sort of plaster of later date, and yet 
strong enough to endure the sun and weather forseveral ages^ 
without either cracking or spoiling. 

The method of making the Venetian composition is not 
known in England; but such might probably be made by 
heating the powder of gypsum over a fire, and when boiling, 
which it will do without the aid of water, or other fluid, mix- 
ing it with resin, or pitch, or both together, with common 
sulphur, and the powder of sea-shells. If these be mixed 
together, water added to it, ahd the composition kept on the 
fire till the instant of its being used, it is not improbable that 
the secret may be discovered. Oil of turpentine and wax, 
which are the common ingredients in such cements as are 
accounted firniest, may also be tried as additions; as also 
may strong ale wort, which is by some directed to be used 
instead of water, to make mortar of lime-stone of more than 
ordinary strength. 



SLATING. 

This branch of building, i/vhicb is principally employed in 
the covering of roofs, is not unfrequently combined with 
that of plastering. The slates chiefly used in London are 
brought from the quarries at Bangor, in] Caernarvonshire, 
which supply all parts of the United Kingdom. Another 
kind of slate, of a pale blue-green colour, is used, and most 
esteemed, being brought from Kendal, in Westmoreland, 
called Westmoreland slates. These slates are not large ; but 
of good substance and well calculated to give a neat ap- 
pearance to a roof.. The Scottish ^late, which assimilates in 
^ze and quality to a slate from Wales, called laAxes^ is in 
little repute. 
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Slaters class the Welsh slates in the following order : 

Doubles^ average 8ize» 

Ladies, 



Countessesy 
Duchesses, 
Welsh rags, 
Queens, 
Imperials, 
Patent slate. 



Ft. In. 




Ft. In. 


1 1 


by 


6 


1 3 




8 


1 8 


.. 


10 


2 


— 


1 


3 


—. 


2 


3 


-^ 


2 


2 6 


— 


2 


2 6 


— 


2 



The doubles are made from fragments of the larger kinds, 
and derive their name from their diminutive size. Ladies are 
similarly obtained. Cewfitesses are a gradation above ladies ; 
and duchesses above countesses. 

Slate, like most other stony substances^ is separated from 
its bed by the ignition of gunpowder. The blocks, thus 
obtained, are, by the application of wedges, reduced into 
layers, called scanUmgs^ from four to nine inches in thick- 
ness, and of any required length and breadth, which are 
afterwards sawn to the respective sizes by machinery. The 
blue, green, and purple, or darker kinds of slate, are, in 
general, found capable of being split into very thin laminae, 
or sheets; but those of the white or brownish free-stone kind, 
can seldom be separated or divided so fine ; consequently, 
these last form heavy, strong, thick coverings, proper for 
buildings in e:icposed situations, such as barns, stables, and 
other oui-houses. 

The instrumeats used in splitting and cleaning slates are, 
slate-knives, axes, bars, and wedges ; the three first being 
used to reduce the slates into the required thicknesses, and 
the last to remove the inaquatities from the surface. 

Imperial slating is particularly neat^ and may be known 
by having its lower edge sawn; whereas all other slates used 
for covering are chipped square on their edges only. 

Patent slate waB first brought into use by Mr Wyatt, the 
architect; but a patent was never obtained. It derives its 
name from the mode adopted to lay it on roofs; it may be 
laid on a rafter of much less elevation than any other, and is 
considerably lighter, by reason of the laps being less thatt is 
necessary for the common sort of sf atiilg. This slatii^ wad 
originally made from Welsh rags^ but is now very frequently 
made from Imperials, which render it lighter, and also soidne* 
what neater in appearance. 

Westmoreland slate, from the experiments made by the late 
Bishop of Landafi*, appears to differ little m its natural com- 
position from that obtained from Wales. It must, however, 
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be remarked, that this kind of slate owes its lightnesg, not so 
much to any diversity in the component parts of the stone, as 
to the thinness to which it is reduced by the workmen; con- 
sequently, it^is not so well calculated to resist violent winds 
as those which are heavier. 

Slates, when brought from the quarry, are not sufficiently 
square for the slater's use; he therefore picks up and exa- 
mines the slates separately, and observes which is the 
strongest and squarest end ; then, seating himself, be holds 
the slate a little slanting upon, and projecting about an inch 
over the edge of a small block of wood, which is of the same 
height as his seat, and cuts away and makes straight one of 
its edges ; then, with a slip of wood, he gauges and cuts off 
the other edge parallel to it, and squares the end. The 
slate is now considered prepared for use, with the exception 
of perforating through its opposite ends two small holes, for 
the reception of the nails which are to confine it to the roof« 
Copper and zinc nails, or iron nails tinned, are considered 
the best, being less susceptible of oxidation than nails made 
of bar iron. 

Before we proceed further with the operations necessary in 
the slating of buildings, we shall give some account of the 
tools used by this class of artificers* 

Skaters' tools are very few, which sometimes are found by 
the masters, and sometimes by the men. The tool called 
the saixe, is made of tempered iron, about sixteen inches in 
length, and two inches in width, somewhat bent at one end, 
with a handle of wood at the other. This tool is not unlike 
a large knife, except that it has on its back a projecting piece 
of iron, about three inches in length, drawn to a sharp point. 
This tool is used to chip or cut all the slates to the xequired 
sizes. 

The ripper is also of iron, about the same length as the 
saixe ; it has a very thin blade, about an inch and tbree^ 
quarters wide, tapered somewhat towards the top, where a 
round head projects over the blade about half an inch on 
each side : it has also two little round notches in the two 
internal angles at their intersections. The handle of this 
tool is raised above the blade by a shoulder, which enables 
the workman to hold it firm. This instrument is used in 
repairing old slating, and the application consists in thrust- 
ing the blade under the slates, so that the head, which pro^ 
jects, may catch the nail in the little notch at its intersec- 
tion, and enable the workman to draw it out. During this 
Vol. II.— Y 
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operation the slate is sufficiently loosened to allow of its be- 
ing removed, and another inserted in its place. 

The hammer^ which is somewhat different in shape to the 
ordinary tool of that name, is about five inches in height on 
the hammer or driving part, and the top is bent back, and 
ground to a tolerably sharp point, its lower or flat end, which 
is quite round, being about three-quarters of an inch in dia- 
meter. On this side of the driving part is a small projection, 
with a notch in the centre, which Is used as a claw to extract 
such nails as do not drive satisfactorily. 

The shaving-tool is used for getting the slates to a smooth 
face for skirtings, floors of balconies, &c. It consists of an 
iron blade, sharpened at one of its ends like a chisel, and 
mortised through the centre of two round wooden handles, 
one fixed at one end, and the other about the middle of the 
blade. The blade is about eleven- inches long, and two inches 
wide, and the handle is about ten inches long, so that they 
project about four inches on each side of the blade. In using 
this tool the workman places one band on each side of the 
handle that is in the middle of the blade, and allows the 
other to press against both his wrists. In this manner he 
removes all the uneven parts from off the face of the slate, 
and gets it to a smooth surface. 

The other tools used by the slater consists of chisels, 
gouges, and files of all sizes; by means of which he finishes 
the slates into mouldings and other required forms. 

In slating roofs, it is necessary to form a base or fioor for 
the slates to lay compactly and safely upon ; for doubles and 
ladies, boarding is required, which must be laid very even, 
with the joints close, and properly secured by nails . to the 
rafters. . This being completed, the slater provides himself 
with several slips of wood, called tilting fillets, about ten 
inches and a half wide, and three-quarters of an inch 
thick on one edge, and chamfered to an arris on the other, 
which he nails down all round the extreme edges of the 
roof, beginning with the hips, if any, and if not with the 
sides, eaves, and ridge. He next selects the largest of the 
slates, and arranges them regularly along the eaves with 
their lower edges to a line, and nails them to the boarding. 
This part of the work being completed, he takes other 
slates to form the bond to the under sides of the eaves, and 
places them under those previously laid, so as to cross and 
cover all their joints. Such slates are pushed up lightly 
under those which are above them, and are seldom nailed, 
but left dependent for support on the weight of those above 
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them, and their own weight on the boarding. The countesses 
and all other description of slates, when intended to be laid 
in a good manner, are also laid on boards. 

When the slater has finished the eaves, he strains a line on 
the face of the upper slates, parallel to its outer edge, and as 
far from it as he deems sufficient for the lap of those he in- 
tends shall form the next course, which is laid and nailed 
even with the line, crossing the joints of the upper slates of 
the eaves. This lining and laying is continued close to the 
ridge of the roof, observing throughout to cross the different 
joints, by laying the slates one above another. The same 
system is uniformly followed in laying all the different sorts 
of slates, with the exception of those called patent slates, as 
are hereafter explained. 

The largest kinds of slate are found to lay firm on battens, 
which are, consequently, much employed, and produce a 
very considerable saving of expense in large buildings. A 
batten is a narrow portion of deal, about two inches and a 
half, or three inches wide ; four of them being commonly pro- 
cured from an eleven inch board. 

For countess slates, battens three-quarters of an inch thick 
will be of adequate substance ; but for the larger and heavier 
kinds, inch battens will be necessary. In battening a roof 
for slates, the battens are not placed at an uniform distance 
from each other, but so as to suit the length of the slates; 
and as these vary as they approach the apex, or ridge of the 
roof, it follows that the slater himself is the best judge where 
to fix them, so as best to support the slates. 

A roof, to be covered with patent slates, requires that the 
<^ommon rafters be left loose upon their purlines, as they 
must be so arranged that a rafter shall lie under every one of 
the meeting joints. Neither battening nor boarding is re- 
quired for these slates. The number of rafters will depend 
on the width of the slates; hence if they be of a large size, 
very few will suffice. This kind of slating is likewise com- 
menced at the eaves ; but no crossing or bonding is re- 
quired, as the slates are laid uniformly, with each end reach- 
ing to the centre of the rafter, and butted up to each other 
throughout the length of the roof. When the eaves-course 
is laid, the slates which compose it are screwed down to 
the rafters by two or three strong inch and half screws at 
each of their ends. A line is then strained about two 
inches below the upper edge, in order to guide the laying 
of the next course, which is laid with its lower edge touch- 
ing the line. This lining, laying with a lap, and screwed 
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dowDi 18 continued till the roof is completely covered. The 
joints are then secured by iilletting, which consists in coyer- 
ing all the meeting-joints with fillets of slate, bedded in 
glazier's putty, and screwed down through the whole into 
the rafters. The fillets are usually about three inches wide, 
and of a length proportionate to that of the slates, whose 
Joints they have to cover. These fillets are solidly bedded 
lo the putty, and their intersecting joints are lapped similar 
to those of the slates. The fillets being so laid, and secured 
by one in tbe middle of the fillet and one in each lap, are 
next neatly pointed all round their edges with more putty, 
and then painted over with the colour of the slate. The hips 
and ridges of such slating are frequently covered by fillets, 
which produces a very neat efiect ; but lead, which is not 
moch dearer, is by far the best kind of covering for all hips 
and ridges. The patent slating may be laid so as to be per- 
fectly water-tight, with an elevation of the rafters consider- 
ably less than for any other slate or tile covering. The rise 
in each foot of length in the rafter is not required to be more 
than two inches, which, in a rafter of fifteen feet, will amount 
to only two feet six inches ; a rise scarcely perceptible from 
the ground* 

Slating is performed in several other ways, but the princi- 
ples already explained embrace the most of them. Some 
workmen shape and lay their slates in a lozenge form. Thid 
kind of work consists in getting all the slates to an uniform 
size, of the iihape of a geometrical square^ When laid on 
the roof, which must be boarded, they are bonded and lap- 
ped as in common slating, observing only to let the elbow, 
or half of the square, appear above each slate that is next 
beneath it, and be regular in the courses all over the roof. 
One nail or screw only can be used for such slating ; hence 
it soon becomes dilapidated. It is commonly employed in 
places near to the eye, or where particular neatness is re- 
quired. 

It has been ascertained, that a slate one inch thick will, 
in an horizontal position, support as much, in weight, as 
five inches of Portland stone similarly suspended. Hence 
slates are now wrought and used in galleries, and other pur- 
poses, where it is essential to have strength and lightness 
combined. 

Slates are also fashioned into chimney-pieces ; but are in- 
capable of receiving a polish like marble. It makes excel- 
lent skirtings of all description^, as well as casings to walls, 
where dilapidations, or great wear and tear are to be ex- 
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peeled* For these purposes it is capable of being fixed with 
joints, equally as neat as wood : and may, if required, be 
painted over so as to appear like it. Stair-cases may also 
be executed in slate, which will produce a resemblance of 
marble. 

MENSURATION OF PLAST£K£Rs' AND SLATERS' WORK. 

Plasterers' work is executed by the yard'square; and the 
dimensions are taken in feet and inches. 

If a room consists of more than four quoins, the additional 
corners must be allowed at per foot run. 

In measuring ceilings with ribs, the superficies must be 
taken for plain work ; then an allowance must be made for 
each mitre, and the ribs must be valued at so much per foot 
run, according to the girth ; or by the foot superficial, allow- 
ing moulding work. 

In measuring common work the principal things to be 
observed are as follow : — first, to make deductions for 
chimneys, windows, and doors; secondly, to make deduc- 
tions for rendering upon brick- work, for doors ^nd windows ; 
thirdly, if the workman find materials for rendering between 
quarters, one-fifth must be added for quarters; but if work- 
manship only is found, the whole must be measured as whole 
work, because tke workman could have performed the 
whole much eiooner if there had been no quarters; fourthly, 
all mouldings in plaster-work are measured by the foot su- 
perficial, the same as joiners, by girting over the mouldings 
with a line. 

Slaters' work is measured and reduced into squares, con- 
taining 100 feet superficial. If in measuring the slating on a 
roof, it be hipped on all sides with a flat at top, and the plan 
of the building be rectangular, add the length and breadth 
of two adjoining sides of the eaves, and the length and 
breadth of two adjoining sides at the fiat together, multiply 
the sum by the breadth of the slope, and the product will 
give the area of the space that is covered. Add the number 
of square feet produced, by multiplying the girts of the roof 
by the length of the slates iit the eaves; to the area also, for 
the trouble of putting on the double row of slates, add the 
number of square feet produced by multiplying the length 
of the hips by one foot in breadth, and the sum will be the 
whole contents, and yield a compensation for the trouble 
and waste of materials. If there be no flats, add the two 
adjoining sides and twice the length of the ridge for the 
length ; multiply the sum by the breadth of the slips, for 
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the area of the space covered, and add the allowances as 
before. 

Another plan is to allow in addition to the nett dimensions 
of the work, six inches for all the eaves, and four inches for 
the hips. 

All faced work in slate skirting, stair-cases, galleries, (&c. 
is charged by the foot superficial, without any addition. 



PLUMBING, 

Is the art of casting and working in lead, and using the 
same in the covering and for other purposes in building. 

To the plumber is also confided the pump-work, as well 
as the making and forming of cisterns and reservoirs, large 
or small closets, &c. for the purposes of domestic oeconomy. 
The plumber does not use a great variety of tools, because 
the ductility of the metal upon which he operates does not 
require it. 

The tools used consist of an iron hammer, rather heavier 
than a carpenter's, with a short thick handle; two or three 
wooden mallets of different sizes ; and a dressing and flat- 
ting tool. 

This last is of beech, about eighteen inches long, and two 
inches square, planed smooth and flat on the under surfiice, 
rounded on the upper, and one of its ends tapered off round 
as a handle. With this tool he stretches out and flattens 
the sheet-lead, or dresses it to the shape required, using 
first the fiat side, then the round one, as occasion may re- 
quire. 

The plumber has also occasion for a jack and trying plane, 
similar to that of the carpenter. 

With this he reduces the edges of sheet-lead to a straight 
line, when the purposes to which it is to be applied re- 
quire it. 

Also a chalk line, wound upon a roller, for marking out 
the lead into such breadths as he may want. 

His cutting tools consist of a variety of chisels and gouges 
as well as knives. 

The latter of these are used for cutting the sheet-lead into 
' pieces after it has been marked out by the chalk 

ifferent sizes ; ladles of three or four sizes, for 
Ider; and an iron instrument called grazing 




\ 



AND MACHINIST. 191 

These grozing-irons are of several sizes, generally about 
twelve inches in length, tapered at both ends, the handle end 
being turned quite round, to allow of its being firmly held 
while in use : the other end is a bulb of a spindle, or spherical 
shape, of a size proportioned to the soldering intended to 
be executed. They are, when required for use, heated to 
redness. 

The plumber's measuring rule is two feet in length, di- 
vided into three equal parts of eight inches each ; two of its 
legs are of box-wood, duodecimally divided ; and the third 
consists of a piece of slow tempered steel, attached to one of 
the box legs by a pivot on which it turns, and falls, when not 
in use, into a groove cut in such leg for its reception. This 
steel leg can be passed into places where the others cannot 
enter ; and it is also useful for occasionally removing the oxide 
or any other extraneous matters from the surface of the heated 
metal. 

Scales and weights are also necessary; and he must be sup- 
plied with centre-bits of all sizes ; and a stock to work them, 
for the purpose of making perforations in lead or wood, through 
which he may want to insert pipes, &c. Compasses, to strike 
circular pieces, to line or cover figures of that shape, are occa- 
sionally required. 

Lead is obtained from ore, and, from its being generally 
combined with sulphur, it has been denominated ^' sulphureV^ 
After the ore has been taken from its bed it is smelted, first 
being picked, in order to separate the unctuous and rich, or 
genuine ore from the stony matrix, and other impurities ; the 
picked ore is then pounded under stampers worked by machi- 
nery, and afterwards washed to carry off the remainder of the 
matrix, which could not be separated in picking. It is next 
put into a reverberatory furnace, to be roasted; during which 
operation it. is repeatedly stirred, to facilitate the evaporation 
of the sulphur. When the surface begins to assume the ap- 
pearance of a paste, it is covered with charcoal, and well 
shaken together : the fire is then increased and the purified 
lead flows down on all sides into the basin of the furnace, 
whence it runs off into moulds prepared for its reception. 
The moulds are capable of receiving 1 54 lbs. of lead each, and 
their contents, when cool, are, in the commercial world, called 
pigs. 

Lead is of a bluish-white colour, and when newly melt- 
ed, or cut, is quite bright ; but it soon becomes tarnished 
on exposure to the atmosphere, assuming first a dirty grey 
colour, and afterwards becomes white. It is capable of 
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being hammered into very thin plates, and may be drawn 
into wire ; but its tenacity is very inferior to that of other 
metals ; for a leaden wire, the hundred and twentieth part of 
an inch in diameter, is only capable of supporting about 18lbs« 
without breaking. Lead, next to tin, is the most fusible of 
all metals ; and if a stronger heat be applied, it boils and 
evaporates. If cooled slowly, it crystallizes. The change 
of its external colour is owing to its gradual combination 
with oxygen, which converts its exterior surface into an 
oxyd. This outward crust, however, preserves the rest of 
the metal for a long time, as the air can penetrate but very 
slowly. 

Lead is not acted upon immediately by water, though that 
element greatly facilitates the action of the air upon it: for 
it is known that, when lead is exposed to the atmosphere, and 
kept constantly wet, the process of oxidation takes place much 
more rapidly than it doed under other circumstances : hence 
the white crust that is to be observed on the sides of leaden 
vessels containing water, just at the place where the surfisice 
of the water terminates. 

Lead is purchased by plumbers in pigs, and they reduce 
it into sheets or pipes, as they have occasion. Of sheet«lead 
they have two kinds, cast and milled. The former is used 
for covering flat roofs of buildings, laying of terraces, forming 
gutters, lining reservoirs, &c. : and the latter, which is very 
thin, for covering the hips and ridges of roofs. This last they 
do not manufacture themselves, but purchase it of the lead 
merchants, ready prepared. 

For the casting of sheet-lead, a copper is provided,and well 
fixed in masonry, at the upper end of the workshop, near 
the mould or casting table, which consists of strong deal 
boards, well joined together, and bound with bars of iron 
at the ends. The sides of this table, of which the shape is 
a parallelogram, vary in size from four to six feet in width, 
and from 16 to 18 feet and upwards in length, and are guarded 
by a frame or edging of wood, 3 inches thick, and 4 or 5 
inches higher than the interior surface, called the $hcfis. 
This table is fixed upon firm legs, strongly framed together, 
about 6 or 7 inches lower, than the top of the copper. At 
the upper end of the mould, nearest the copper, is a box, 
called the pan, which is adapted in its length to the breadth 
of the table, having at its bottom a long horizontal slit, 
from which the heated metal is to issue, when it has been 
poured in from the copper. This box moves upon rollers 
along the surface of the rim of the table, and is put in mo- 
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tion by means of ropes and pulleys, fixed to beams above. 
While the metal is melting, the surface of the mould, or table, 
is prepared by covering it with a stratum of dry and clean 
sand, regularly smoothed over with a kind of rake, called a 
Strike^ which consists of a board about 5 inches broad, and 
rather longer than the inside of the mould, so that its ends, 
which are notched about two inches deep, may ride upon the 
shafts. This being passed down the whole length of the table, 
reduces the sand to an uniform surface. The pan is now 
brought to the head of the table, close to the copper, its sides 
having previously been guarded by a coat of moistened sand, 
to prevent its firing from the heat of the metal, which is now 
put in by ladles from the copper. 

These pans, or boxes, it must be observed, are made to 
contain the quantity of melted lead which is required to cast 
a whole sheet at one time ; and the slit in the bottom i% so 
adjusted as to let out, during its progress along the table, 
just as much as will completely cover it of the thickness and 
weight perfect required. Every thing being thus prepared, 
th6 slit is opened, and the box moved along the table, dis- 
pensing its contents from the top to the bottom, and leaving 
in its progress a sheet of lead of the desired thickness. When 
cool, the sheet is rolled up and removed from the table, and 
other sheets are cast, till all the metal in the copper is ex- 
hausted. The sheets thus formed are then rolled up and kept 
for use. 

In some places, instead of having a square box upon 
wheels, with a slit in the bottom, the pan consists of a kind 
of trough, being composed of two planks nailed together at 
right angles, with two triangular pieces fitted in between 
them, at their ends. The length of this pan, as well as that 
of the box, is equal to the whole breadth of the mould. It is 

t>laced with its bottom on a bench at the head of the table, 
eaning with one side against it : to the opposite side is fixed 
a handle, by which it may be lifted up in order to pour out 
the liquid metal. On the side of the pan next the mould 
are two iron hooks, to hold it to the table, and prevent it 
from slipping while the metal is being poured into the 
mould. 

The mould, as well as the pan, is spread over, about two 
inches thick, with sand, sifted and moistened, and rendered 
perfectly level by moving over it the strike, tmd smoothing it 
down with a plane of polished brass, about a quarter of an 
inch thick, and nine inch|9i» square, turned up on the edges. 
Before they proceed^to^casting the lead, the strike is made 
Vol. II.— Z ^ ^^ 
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ready by tacking two pieces of old bat on tbe notches, or by 
covering the notches with leather cases, so as to raise tbe 
under side of the strike about an eighth of an inch, or more, 
above the sand, according to the proposed thickness of the 
sheet. The face or under side of the strike is then smeared 
with tallow, and laid across the breadth of the mould, with 
its ends resting on the shafts. The melted lead is then put 
into the pan with ladles ; and, when a sufficient quantity has 
been put in, the scum is swept off with a piece of board, and 
suffered to settle on the coat of sand, to prevent its falling into 
the mould, when the metal is poured out. It generally hap* 
pens that the lead, when first taken from the copper, is too 
hot for casting ; it is therefore suffered to cool in the pan, 
till it begins to stand with a shell or wall on the sand with 
which the pan is lined. Two men then take the pan by tbe 
handle, or one of them takes it by means of a bar and chaio 
fixed to a beam in the ceiling, and turn it down, so that the 
metal runs into the mould : while another man stands ready 
with the strike, and, as soon as all the metal is poured in, 
sweeps it forward and draws the residue into a trough at the 
bottom, which has been prepared to receive it. The sheet is 
then rolled up, as before. 

In this mode of operation, the table inclines in its length 
about an inch, or an inch and a half, in the length of six- 
teen or seventeen feet, or more, according to the required 
thickness of the sheets ; the thinner the sheet the greater 
the declivity, and vice versa. The lower end of the mould 
is also left open, to admit of the superfluous metal being 
thrown off. 

When a cistern is to be cast, the size of the four sides is 
measured out ; and the dimensions of the front having beea 
taken, slips of wood, on which the mouldings are carved, are 
pressed upon the sand. Figures of birds, beasts, &c. are like- 
wise stamped in the internal area, by means of leaden moulds. 
If any part of the sand has been disturbed in doing this, it is 
made smooth, and the process of casting goes on as for plaia 
sheets ; except that, instead of rolling up the lead when cast, 
it is bent into four sides, so that the two ends, when they are 
soldered together, may be joined at the back 3 the bottom is 
afterwards soldered up. 

The lead which lines the Chinese tea-boxes is reduced 
to a thinness which our plumbers cannot, it is said, ap- 
proach. The following account of the process was commu- 
nicated by an intelligent East-Indian, in a letter which ap- 
peared in the Gentleman's Magazine. " The caster sits by 
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a pot containing the melted metal, and has two large stones, 
the lower one fixed and the upper one movable, having 
their surfaces of contact ground to each other, directly be- 
fore him. He raises the upper stone by pressing his foot 
upon its side, and with an iron ladle pours into the opening 
a sufficient quantity of the fluid metal. He then lets fall the 
upper stone, and thus forms the lead into an extremely thin 
and irregular plate, which is afterwards cut into its required 
fol-m.'^ 

Cast sheet-lead, used for architectural purposes, is techni- 
lially divided into 5 lb. 5i lb. 6 lb. 6| lb. 7 lb. 7J lb. 8 lb. and 
6i lb.; by which is understood, that every superficial foot is 
to contain those respective weights, according to the price 
agreed upon. 

The milled-lead, used by plumbers, is very thin, seldom 
containing more than 5 lb. to the foot. It is by tio means 
adapted to gutters or terraces, nor, indeed, to any part of a 
building that is much exposed cither to great wear or to the 
effects of the sun's rays : in the former case, it soon wears 
away ; in the latter, it expands and cracks. It is laminated in 
sheets of about the same size as those of cast-lead, by means 
of a roller, or flatting-mill. 

Lead-pipes, besides the various ways of manufacture de- 
scribed in page 370, vol. i. are sometimes made ofsheet-lead, 
by beating it on round wooden cylinders of the length and 
dimensions required, and then soldering up the edges. 

Solder is used to secure the joints of work in lead, which 
by other means would be impossible. It should be easier of 
fusion than the metal intended to be soldered, and should be 
as nearly as possible of the same colour. The plumber there- 
fore uses, what is technically called, soft solder^ which is a 
compound of equal parts of tin and lead, melted together and 
run into moulds. In this state it is sold by the manufacturer 
by the pound. 

In the operation of soldering, the surfaces or edges in- 
tended to be united are scraped very clean, and brought 
close up to each other, in which state they are held by an as- 
sistant, while the plumber applies a little resin on the joints, 
in order to prevent the oxidation of the metal. The heated 
solder is then brought in a ladle and poured on the joint ; af- 
ter which it is smoothed and fihiished by rubbing it about with 
a red-hot soldering iron, and when completed is made smooth 
by filing. 

In the covering of roofs or terraces with lead, (the sheets 
never exceeding six feet in breadth,) it becomes necessary in 
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large surfaces to have joints, which are managed several 
ways, but in all, the chief object is to have them water- 
tight. The best plan of effecting this, is to form laps or 
roll joints, which is done by having a roll, or strip of wood, 
about two inches square, but rounded on its upper side, 
nailed under the joints of the sheets, where the edges lap 
over each other; one of these cdses is to be dressed up 
over the roll on the inside, and the other is to be dressed 
over them both on the outside, by which means the water is 
prevented from penetrating. No other fastening is requi- 
site than what is required from the hammering of the sheets 
together down upon the flat; nor should any other be re- 
sorted to, when sheet-lead is exposed to the vicissitudes of 
the weather; because it expands and shrinks, which, if pre^ 
vented by too much fastening, would cause it to crack and 
become useless. It sometimes, however, occurs, that rolls 
cannot be used, and then the method of joining by seams is 
resorted to. This consists in simply bending the approxi- 
mate edges of the lead up and over each other, and then 
.dressing them down close to the flat, throughout their 
length. But this is not equal to the roll, either for neatness 
or security. 

Lead flats and gutters should always be laid with a current, 
to keep them dry. About a quarter of an inch to the foot run 
is a sufficient inclination. 

In laying gutters, &c. pieces of milled-lead, called ^u^^- 
ingSj about eight or nine inches wide, are fixed in the walls 
all round the edges of the sheet-lead, with which the flat is 
covered, and are sufiered to hang down over them, so as to 
prevent the passage of rain through the interstice between the 
raised edge and the wall. If the walls have been previously 
built, the mortar is raked out of the joint of the bricks next 
above the edge of the sheet, and the flushings are not only 
inserted into the crack at the upper sides, but their lower 
edges are likewise dressed over those of the lead in the flat, 
or gutter. When neither of these modes can be resorted 
to, the flushings are fastened by wall-hooks, and their lower 
edges dressed down as before. 

Drips in flats, or gutters, are formed by raising one "part 
ebove another, and dressing the lead, as already described, 
for covering the rolls. They are resorted to when the gutter 
or flat exceeds the length of the sheet ; or sometimes for 
convenience. They are also an useful expedient to avoid 
soldering the joints. 

SheeWlead is also used in the lining of. reservoirs, which 
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are made either of wood or masonry. As these conveni- 
ences are seldom in places subject to material change of 
temperature, recourse may be had to the soldering, without 
fear of its damaging the work, by promoting a disposition to 
crack. 

The pumps which come under the province of the plum- 
ber, are confined generally to two or three kinds, used for 
domestic purposes, of which the suction and lifting pumps 
are the chief: these, as well as water-closets, are manufac- 
tured by a particular set of workmen, and sold to the plum- 
ber, who furnishes the lead pipes, and fixes them in their 
places. 

Plumber's work is generally estimated by the pound, or 
hundred weight ; but the weight may be discovered by mea- 
surement, in the following manner: sheet-lead used in roof- 
ing and guttering is commonly between seven and twelve 
pounds to the square foot; but the following table exhibits 
the particular weight of a square foot for each of the several 
thicknesses. 
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dredths, &c. of an inch; and the annexed corresponding num- 
bers are the weights in avoirdupois pounds, and thousandth 
parts of a pound; so that the weight of a square foot of 1 -10th 
of an inch thick, 10-lOOths, is 5 lbs. and 899 thousandth parts 
of a pound ; and the weight of a square foot l-9th of an inch 
in thickness, is 6 pounds and 564 thousandths of a pound. 
Leaden pipe of an inch bore is commonly 13 or 14 lbs. to 
the yard in length. 



GLAZING. 

The business of this class of artificers consists in putting 
glass into sashes and casements. Glazier's work may be 
classed under three distinct heads, sash^-work, lead-work, and 
fret-work. 
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The tools requisite for the performance of the first of these 
departments are, a diamond, a ranging lath, a short lath, a 
square, a rule, a glazing-knife, a cutting-chisel, a beading- 
hammer, a duster, and sash-tool; and in addition, for stop- 
ping in squares, a backing-knife and hammer. 

The diamond is a speck of that precious stone, polished 
to a cutting point, and set in brass on an iron socket, to re- 
ceive a wooden handle, which is so set as to be held in the 
hand in the cutting direction. The top of the handle goes 
between the root of the fore-finger and the middle finger, 
and the hinder part between the point of the fore-finger and 
thumb; there is, in general, a notch in the side of the socket, 
which should be held next to the lath. Some diamonds have 
more cuts than one. Plough diamonds have a square nut 
on the end of the socket, next the glass, which, op running 
the nut square on the side of the lath, keeps it in the cutting 
direction. 

Glass binders have thesc^ plough diamonds without long 
handles, as, in cutting their curious productions, they cannot 
apply a lath, but direct theni by th^ point of their middle 
finger, gliding along the edge of the glass. 

The ranging lath must be long enough to extend rather be- 
yond the boundary of the table of gldss. 

Ranging of glass is the cutting it in breadth as the work 
may require, and is best done by one uninterrupted cut from 
one end to the other. 

The square is used in cuttifag the squares from the range, 
that they may with greater certainty be cut at right angles. 
The glazing-knife is used for laying in the putty in the re- 
bates of the saah^ for binding in the glass, and for finishing 
the front putty. 

Of the glass used in building, three qualities are in com- 
mon use, denominated best, second, and third. 

The best is that which is the purest metal and free of 
blemishes, as blisters, specks, streaks, &c.; the second is 
inferior, from its not being so free from these blemishes ; and 
the third are still inferior, both in regard to quality and 
colour, being of greener hue. 

They are all sold at the same price per crate ; but the num- 
ber of tables varies accordiag to the quality. Best twelve, 
second fifteen, and third eighteen tables. 

These tables are circular when matiufactured, and about 
fdur feet in diameter, having in the centre a knot, to which, 
in the course of the process, the' flashing rod was fixed ; but 
for the safety of carriage, and convenience of handling, as 
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well as utility in practice, a segment is cut off about four 
inches from the knot. The large piece with the knot stilt 
retains the name of table; the smaller piece is technically 
called a slab. From these tables b^ing of a given size, it is 
reasonable to suppose that) when the dimensioos of squares 
are ^uch as cut the glass to waste, tha price sb^outd be ad- 
vance^. 

A i^perior kind of glass may be obtained at sooxe of the 
first hoqs^ in London, which is very flat, and of large di- 
mensions; some of it being 2 feet 8 inches by 2 feet 1 inch; 
these cire sold only in squares. 

' Rough glass is well adapted to baths, and other places of 
privacy ; one side is ground with e^lery or sand, so that no 
objects can be seen through it, though the light be still 
transmitted. 

The gli^s, called Qerman-sheetj is of a superior kind, as it 
can be nad of much larger dimensions than common gla^s ; 
it is also of a purer substance, and for these reason^? is fte-* 
quently appropriated to picture frames. Squares may be bad 
at the astonishing size of 3 feet 8 inches, by 3 feet I inch, and 
3 feet 10 inches by 2 feet 8 inches, and under. 

The glass is first blown in the form of a globe, and after- 
wards flatted in a furnace, in consequence of which it has a 
very ^rbidding app^ar^OJice firom the outside, th« surface be- 
ing uneven. 

riate-glass is the most superior in quality, substaBce, and 
flatness, Being cast m plates and polished. The quantity of 
me^al it Qontai,i;^s mu^t be almost, if pot aUpgj^her, colour- 
less, that sort which is tinged being of ^ inferior qu^ity. 

Platerglass, when used in sashes, is peculiarly magnificent ; 
and it can be had of larger dimensions> than any other kind 
of glass. 

Stained-glass is of different colours, as red, orange, yellow, 
greeAi blue, and purple. 

These colours are fixed, by burning, and are as dui^le as 
the class. 

Glass can be bent to circular sweeps, which is nruch used 
in London for shop windows, and is carried to great perfec- 
tion in covers, for small pieces of sta^tuary, &c. 

The application of stained-glass to the purposes of glazing 
is called /ret-worh This description of wprk consists of 
working ground and stained-glass in fine lead, intot different 
patterns. In n^iany cases family arms an^ other devices aife 
worked in it. It is a branch capable of great improvement, 
but at present is much neglected. Old pieces are very much 
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esteemed, though the same expense wrould furnish elegant 
modern productions. They are placed in halls and staircase 
windows, or in some particular church windows. In many 
instances they are introduced where there is an unpleasant 
aspect, in a place of particular or genteel resort. 

Lead-work is used in inferior offices, and is in general 
practice all through the country. Frames intended to re- 
ceive these lights are made with bars across, to which the 
lights are fastened by leaden bars, called saddle bars; and 
where openings are wanted, a casement is introduced either 
of wood or iron. Sometimes a sliding frame answers the 
same purposes. Church window^ are generally made in this 
manner, in quarries or in squares. 

The tools with which this work is performed are, in addi- 
tion to the foregoing, as follow : 

A vice, with diiferent cheeks and cutters, to turn out the 
different kinds of lead, as the magnitude of the window or the 
squares may require. 

The German vices, which are esteemed the best, are 
furnished with moulds, and turn out lead in a variety of 
sizes. The bars of lead cast in these vices are received by 
the mill, which turns them out with two sides parallel to 
eaeh other, and about | of an inch broad, with a partition 
connecting the two sides together, about ^ of an inch wide, 
forming on each side a groove, nearly /, by | of an inch, 
and about 6 feet long. 

Besides a vice and moulds, there are a setting-board, latter- 
kin, setting-knife, resin-box tin, glazing-irons, and clips. 

The setting-board is that in which the ridge of the light 
is marked and divided into squares, struck out with a chalk 
line, or drawn with a lath, which serves to guide the work- 
men. One side and end is squared with a projecting bead 
or fillet. 

The latterkin is a piece of hard wood pointed, to run in 
the groove of the lead, and widen it for the easier reception 
of the glass. 

The seiting-kn\fe consists of a blade with a round point, 
loaded with lead at the bottom, and terminating in a long 
square handle. The square end of the handle serves to 
force the square of glass tight in the lead. All the inter- 
sections are soldered on both sides, e:(cept the outside 
joints of the outer sides, that is, where they come to the 
outer edge. These lights should be cemented by pouring 
thin paint along the lead bars, and filling up the chasms with 
dry whiting, to which, after the oil in the paint has se- 
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ereted a little, a littte more dty whiting, or white-lead, must 
be added. This will dry bard, and resist the actioti of thb 
atmosphere. 

MENSURATION OF GLAZl£Rs' WOEK» 

t 

Glaziers' work is measured by superficial feet, and the di- 
mensions are taken in feet, tenths, &c. For this purpose 
their rules are generally divided into decimal parts, and their 
dimensions squared according to decimals. Circular or ova! 
windows are measured as if they were rectangular ; because 
in cutting squares of glass there is a very great waste, and more 
time is expended than if the window, had been of a rectan-* 
gular form. 



PAINTING, 

As applied to purposes of building, is the application of 
artificial colours, compounded either with oil or wMer, in 
embellishing and preserving wood, &c. 

This branch of painting is termed economical, and applies 
more immediately to the power which oil and varnishes pos- 
sess, of preventing the action of the atmosphere upon wood^ 
iron, and stucco, by interposing an artificial surface ; but it 
is here intended to use the term more generally, in allusion 
to the decorative part, and as it is Employed by the architect, 
throughout every part of his work, both externally and in- 
ternafiy. 

In every branch of painting in oil, the general processes 
are very similar, or with such variations only, as readily oc-* 
cur to the workman. 

The first coatings, or layers, if on wood or iron, ought a!-* 
ways to be of ceruse or white-lead, of the best quality, pre- 
viously ground very fine in nut or linseed oil, either over a 
stone with a muller, or, as that mode is too tedious for 
large quantities, passed through a mill. If used on shut-^ 
ters, doors, or wainscottings, made of fir or deal, it is very 
requisite to destroy the effects of the knots, which are ge- 
nerally so completely saturated with turpentine, as ta 
render it, perhaps, one of the most difiicult processes in 
this business. The best mode, in cominon cases, is, to pass 
a brush over the knots, wifth ceruse ground in water, b6und 
by a size made of parchment or glue; when that is dfy, 
paint the knots with white-lead ground in oil, to which add 
some powerful siccative, or dryer, as red-lead, or litharge of 
Vol. II.— 2 A 
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lead ; about one-fourth part of the latter. These must be 
laid very smoothly in the direction of the grain of the wood. 

When the last coat is dry, smooth it with pumice-stone, 
or give it the first coat of paint, prepared or diluted with 
nut or linseed oil ; after which, when sufficiently dry, all 
the nail-holes or other irregularities &n the surface must be 
carefully stopped With a composition of oil and Spanish 
white, commonly known by the name of putty. The work 
must then be again painted with white-lead and oil, some- 
what diluted with the essence of oil of turpentine, which pro- 
cess should, if the work be intended to be left of a plain 
white,, or stone-colour, be repeated not less than three or 
four times ; and If of the latter colour, a small quantity of ivory 
or lamp-black should be added. But if the work i& to be 
finished of any other colour, either grey, green, &c. it 
will be requisite to provide for such colour, after the third 
operation, particularly if it is to be finished flat, or, as the 
painters style it, dead-while, grey, fawn, &c. In order to 
finish the work flatted or dead, which is a mode much to be 
preferred for all superior works, not only for its appear- 
ance, but also for preserving the colour and purity of the 
tint, one coat of the flatted colour, or colour mixed up 
with a considerable quantity of turpentine, will be found 
sufficient; although in large surfaces it will frequently be 
requisite to give two coats of the flatting colour, to make it 
quite complete. Indeed, on stucco, it will be almost a general 
rule. 

In all the foregoing operations, it must be observed that 
some sort of dryer is absolutely requisite; a very general 
and useful one is made by grinding in linseed, or, perhaps, 
prepared oils boiled are better, about two parts of the best 
white copperas, which must be well dried with one part of 
litharge of lead : the quantity to be added will much de- 
pend on the dryness or humidity of the atmosphere, at the 
time of painting, as well as the local situation of the building. 
It may here be noticed, that there is a sort of copperas made 
in England, and said to be used for some purposes in medi- 
cine, that not only does not assist the operation of drying 
in the colours, but absolutely prevents those colours drying, 
which would otherwise have done so in the absence of this 
copperas. 

The best dryer for all, fine wbjiteii, and other delicate tints, 
is sugar of lead, ground i^pu^^pily but being very active, a 
small quantity, about |thp;^i«ejoif /a. walnut, will be suflicient 
for twenty pounds of cjql^uf^ lyhea -the basis is white-lead. 
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It will be always necessary to caution painters to keep their 
utensils, brushes, &c. very clean, as the colour would other- 
wise soon become very foul, so as to destroy the surface of 
the work. If this should happen, the colour must be passed 
through a fine sieve, or canvass, and the surface of the work 
be carefully rubbed down with sand-paper or pumice-stone; 
the latter should be ground in water, if the paint be tender, 
or recently laid on. The above may suffice as to painting on 
wood, either on inside or outside work, the former being sel- 
dom finished otherwise than in oil : four or five coats are ge- 
ne rally sufficient. 

It does not appear that painting in oil can be serviceable in 
stucco, unless the walls have been erected a sufficient time 
to permit the mass of brick-work to have acquired a sufficient 
degree of dryness. When stucco is on battened work, it may 
be painted over much sooner than when prepared on brick. 
Indeed, the greatest part of the art of painting stucco, so as 
to stand or wear well, consists in attending to these obser- 
vations, for whoever has observed the expensive power of 
water, tioi only in congelation, but also in evaporation, must 
be well aware that when it meets with any foreign body, ob- 
structing its escape, as oil painting, for instance, it immediately 
resists it, forming a number of vesicles or particles, contain- 
ing an acrid lime-water, which forces off the layers of plas- 
ter, and frequently causes large defective patches, not easily 
to be eradicated. 

Perhaps, in general cases, where persons are building on 
their own estates, or for themselves, two or three years are 
not too long to suffer the stucco to remain unpainted, though 
frequently, in speculative works, as many weeks are scarcely 
allow to pass. 

The foregoing precautions being attended to, there can be 
no better mod^ adopted for priming, or laying on the first 
coat on stucco, than by linseed or nut-oil, boiled with dryers, 
as before mentioned; taking care, in all cases, not to lay on 
too much, so as to render the surface rough and irregular, 
and not more than the stucco will absorb. It should then be 
covered with three or four coats of white-lead, prepared as 
described for painting on wainscotting, allowing each coat a 
sufficient time to dry hard. If time will permit, two or three 
days between each layer will be advantageous. When the 
stucco is intended to be finished in any given tint, as grey, 
light green, &c. it will then be proper, about the third coat 
of painting, to prepare the ground for such tint, by a slight 
advance towards it. Grey is made with white-lead, Prus- 
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si^nrblue^ ivory-black, aod lake ; sage-green, pea, and sea- 
greens, with white, Prussian-blue, and fine yellows; apricot 
and peach, with lake, white, and Chinese vermilion ; fine yel- 
low fawn colour with burnt terra siennai or umber and 
white; and olive*greens with fined Prussian-blues, and 
Ojipfordshire ochre. 

Distemper, or painting in water-colours, mixed with 
size, stucco, or plaster, which is intended to ha painted in 
oil when finished, but not being sufficiently dry to receive 
that oil, may have a coating in water-colours, of any given 
tint required, in order to give a more finished appearance to 
that part of the building. Straw-colours may be made with 
French whites and ceruse, pr white-lead and masticot, or 
Dutch pipk, Greys, full, with some whites and refiner's 
verdi^er. A^ inferior gray may be made with blue-black, 
or boiie-black and indigo. Pea-greaos with French green, 
QlympiaR green, &c. Fawn-colour with burnt terra de 
sienna, or biirnt umber anc^ white, and so of any interme- 
diate tint. The colours should all be ground very fine, and 
mixed wi^b whiting and a size made with parcbinent, or 
some similar substance, he^^ than two coats will not be 
sq^ciwi to cover the plaster, and bear out with an u^iCp^iA 
appei^rance. It must bQ recollected, that when the stucco 
is sufi^cieotly dry, and it is desirable to hav^ it pointed in 
oil, the whole of the water-colours ought to \^ refppved, 
which may easily be done by washing, and wh^n quite dry, 
pffQcaod with it after the direction given on oil^pfuntipg in 
rtvpco. 

If pld plastering has become disfigured by stains, or other 
blemishes, and it he desired to have it painted in distemper, 
it is, in this case, advisable to give the old plastering, when 
propeily cleaned ojBT apd prepared, one coat, at least, of 
whUe-lead ground in oil, and used with spirits of turpentine, 
whH^h will generally fix old stains; and when quite dry, 
tftke water-rcplours v^y kindly. 

MENSURATIOI? QF PAINTERS' WOR^. 

Pinters' work is measured by the yard square, and the di- 
ipep^ns are taken in feet, inches, and tenths. Every part 
wbtijch the brus|i has passed over is measured, consequently 
the dimei^ions must be taken with a line that girts over the 
i^puldings, breaks, &c. All kinds of ornamental work pro^ 
(^V\^es an extra price, according to the nature of the imita- 
tiQus, (^c Carved work is also valued according to the time 
take^ in painting it. 
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RAIL-ROADS 

AND ^ 

LOCOMOTIVE ENGINES. 



Amidst the various speculations of the day, perhaps none 
have more deservedly excised the public interest than that of 
the numerous projected lines of rail-road for diminishing 
the friction of carriag^^ and for propelling carriages on them 
by either gss or st^am-power. 

The lessefiing the friction procliiQes a consequent diminu- 
tion in the po^r which otherwise would be required to pro* 
pel a given weight ; ^nd therefore, is, in a commercial na- 
tion, like that of the unit^ kingdom, a subject worthy of 
the highest consideration^ 

Railways w^re originally made of woqd, and appear to 
have been first introduced between the river Tyne and some 
of tbp principal coal-pits, ^ early aa the year 1680. The 
scarei^ of this a)ateriai} ^nd the expense of frequent re- 
pairs, sopp suggested an idea that iron migh t be more 
advantageously employed* At first, flat-^rool of bar-iron 
were pailed upon the original wooden rails, or, as they were 
technically called, sle^^a; which, though an expensive pro- 
cess, was found to be a great improvement. But as the wood 
on which these rested was liable to rot and give way, these 
railings were soon after superseded by others made entirely 
of iron. 

These tram or railroads have, for a considerable length of 
tin^e, been much used in the colliery and mining districts; 
apd son>e few have been carried frpm one tow|i or manufac- 
turing district to another. The principal of these latter in 
England and Wales are, the Cardiff and Merthyr, 26| miles 
long, running near the Glamorganshire canal ; the Caermar- 
then ; the Lexhowry, 28 miles, in the counties of Monmouth 
and Brecknock ; the Surrey 26 miles ; the Swansea, 7^ miles; 
one between Gloucester and Cheltenham; besides several 
in the north of England. 

Railways are of two kiods^ arising from the disposition of 
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the flanch that is to goide the wheels of the carriage, and 
prevent it from running off the rail. In the one, the flanch is 
at right angles, and of one piece with the flat surface of the 
rail: in the other, the flat surface of the rail is raised above 
the level of the ground, and the flanch is fixed on the wheel 
of the carriage, at rifi[ht angles to the tyre, or iron placed on 
the circumference of the wheeU to strengthen it. Besides 
these, another kind of railway has lately been introduced by 
Mr Palmer, which consists of a single rail, supported some 
height from the surface of the ground : on this, two wheels 
confined in sufiicient frame-work, are placed, suspending the 
load equally balanced on either side. This arrangement 
certainly seems to ensure the grand principle of lessening 
friction, and doubtless will, in many situations, be found a 
great improvement. 

Previously to entering upon the probable advantages likely 
to result from a general introduction of railways, w« shall give 
the substance of the specification of a patent, obtained in 
Sept. 1816, by Messrs Losh and Stephenson,«both of whom 
are well known to those interested in the subject. 

l^ese gentlemen preface a description of their method of 
facilitating carriages along tram and railways, with an obser- 
vation, that there are two kinds of railways in general use; 
the one consistingof bars of cast-iron, generallyof the shape 
of that described by a, fig. 631, the other of the shape of that 
described by figs. 630 and 631 . That shown at a, fig. 629, is 
known in different situations by the denomination of the edge 
rail, round-top rail, fish-backed rail, &c. Thatshown at figs. 
632 and 633, by the denomination of the plate-rail, tram-way 
plate, barrow-way plate, &c. The first we shall distinguish 
by the name of the edge railway ; the second, by that of the 
plate railway. 

In the construction of edge railways, Messrs Losh and 
Stephenson's objects are, first, to fix| both the ends of the 
rails, or separate pieces, of which the ways are formed, 
immovable, in or upon the chairs or props by which they 
are supported, secondly, to place them in such a manner, 
that the end of any one rail shall not project above or fall 
below the correspondent end of that with which it is in con- 
tact, or with which it is joined ; thirdly, to form the join- 
ings of the rails, with the pedestals or props which support 
them, in such a manner, that if those props should vary 
from their perpendicular position in the line of the way, 
(which in other railways is often the ca^e,) the joinings of 
the rails with each other would remain as before such varia- 
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tion, and so that the rails shall bear upon the props %& firm- 
ly as before. The formation of the rails or plates of which 
a plate railway consists, being different from the rails of 
which the edge railways are composed, they are obliged to 
adopt a different manner of joining them, both with each 
other, and with the props and sleepers on which they rest. 
But in the joining these rails or plates upon their chairs and 
sleepers, they fix them down immovably, and in such a 
manner that the end of one rail or plate does not project 
above, or fall below the end of the adjoining plate, so as to 
present an obstacle, or cause a shock to the wheels of the 
carriages which pass over them, and they also form the 
joinings of these rails or plates in such a manner as to pre- 
vent the possibility of the nails, which are employed in fix- 
ing them in their chairs, from starting out of their places 
from the vibration of the plates, or from other causes. 

In what relates to the locomotive engines and their car- 
riages, which may be employed for conveying goods or 
materials along edge railways or plate railways, or for 
propelling or drawing after then{ the carriages or wagons 
employed for that purpose, their invention consists in sus- 
taining the weight, or a proportion of the weight, of the 
engine, upon pistons, movable within cylinders, into which 
the steam or the water of the boiler is allowed to enter, in 
order to press upon such pistons ; and which pistons are, by 
the intervention of certain levers and connecting rods, or 
by any other effective CQntrivance, made to bear upon the 
axles of the wheels of the carriage upon which the engine 
rests. In the formation of the wheels it is their object to 
construct them in such a manner, and to form them of such 
materials, as shall make them more durable and less ex- 
pensive in the repairs than those hitherto in use. This is 
accomplished by forming the wheels either with spokes of 
malleable iron, and with cast-iron rims, or by making the 
wheels and spokes of cast-iron, with hoops, tyres, or trods, 
of malleable hron, and in some instances, particularly for 
wheels of very small diameters, instead of spokes of mallea- 
ble iron, employing plates of malleable iron, to form the 
junction between the naves and the cast-iron rims of the 
wheels. 

The advantages gained by this method of constructing 
railways are, first, that the separate pieces of which they 
consist are, OBteris pftribtts, rendered by this mod,e of joining 
them, capable o( sustaining a much heavier pressure than 
those which are joined in the usual way. Secondly, by this 
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mode <^f jotfiiog the rails, they remove the liability to which 
rails joined in the usual plan (where the end of one rail is 
seldom in the same plane with the correspondent end of the 
next,) are exposed, of reoeiting bloin^ and shocks from the 
carriages which-move over them, and t^ which blows and 
shocks the great breakage which often occurs in railways, 
when not made of enormous weight, may generally be re- 
ferred; and as action and reaction are mutual and con- 
trary, if they prevent the communication of shocks to the 
rails, they at the same time preserve the wheels, the car- 
riages, and engines which move 6ver them, from the re- 
action which is often destructive to them. As the centre of 
gravity in a loaded coal-wagon is, from its shape, much 
elevated, there is generally a great waste 6f coal firom the 
shaking of the wagons, to which that circuOMtance^ (the 
position of the centre of gravity^) mak^s them more liable 
when they encounter obstacles^ as they do at the junction 
of almost every two raits on the comftion railways. On 
Losh and Stephenson's railways, the loss thus arising is, 
if not entirely prevented, at least considerably diminished, 
by the steady and regular motion of the wagons. The 
usual method of fixing down the plates, of which the plate 
railways emplojred in coal-mines, and there called tram 
and rolley-ways, are formed, is by a single nail, nearly at 
each end of each plate; which nail passe's through a hole in 
the plate, and files it to a sleeper of wood. These nails, 
from the vibration of the plate, or the motion of the sleeper, 
or some other cause, generally very soon start up, and con- 
sequently the plates work loose, and very frequently the 
nails come entirely out. The delay of work, the breakage 
of plates, wheels, &c. and the injury which the horses re- 
ceive from the loose nails which result from the mode of fijt^ 
in the plate railways, are generally complained of, and there- 
fore the advantages <>f a plan which will remove these incon- 
veniences must be apparent. 

When locomotive steam-engines are employed as the 
moving or propelling power on railways, these gentlemen 
have, from much practice, found it of the utmost import- 
ance, that they should move steadily, and as free as possi- 
ble from shocks or vibrations, which have the effect of 
deranging the working parts of the machinery, and lessening 
their power. It is therefore to produce that steadiness of 
motion, and to prevent the engines from receiving shocks, 
and to preserve their equilibrium, that Jthey employ the 
floating pistons, which, acting on an elastic fluid, produce 
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the desired eBTect with much more accuracy than could be 
obtained by employing the finest springs of steel to suspend 
the engine. The wheels which are constructed on this plan 
will be found, when compared with those already in use, 
(the weights of both being equal,) to be more durable ; for 
the arms, when made of malleable iron, being infinitely 
less liable to be broken by shocks or concussions than 
those of cast-iron, may be of less weight, and in fewer 
numbers, so that the excess of weight of the extra arms of 
the cast-iron wheels may be applied on the rims of these 
wheels, and thus add to the substance of that part which 
alone suffers from the friction of the rails. The rims of 
wheels thus constructed, can also be case-hardened without 
risk of breaking, either in cooling or afterwards, which is not 
the case when wheels are cast in one piece. The advantage 
of hooping cast-iron wheels with malleable iron tyres or 
trods, is, that when such tyres or trods are worn through, 
they can very easily be replaced at a small expense, and that 
the tyre, which is not liable to break, receiving the shocks 
from the re-action of the rails, preserves the cast-iron wheel, 
by considerably lessening the effect of such shocks on the 
cast metal. 

As it is perhaps impossible to cast the bars or plates of 
metal of which railways and plate-ways are composed per- 
fectly straight, and correctly even and smooth on their sur- 
faces, and equally difHcult to fit the joints with mathema- 
tical accuracy, the wheels of the ensmes and wagons will 
always have some inequalities and oustacles to encounter. 
From these circumstances, therefore, Messrs Losh and 
Stephenson are induced to employ the improvements which 
they have made in the construction of the locomotive en- 
gine, and in the wheels of carriages upon edge xailways 
and plate railways, constructed according to their own 
plans; but it is apparent that their adoption on the rail and 
plate-ways on the usu^ construction, is oC still more im-. 
portance. 

They therefore claim as a method of facilitating the con- 
veyance of goods, and all manner of materials along edge 
railways or plate railways, the use of any of the plans 
thev have described singly, as well as the whole of them 
collcctivdy. They have no hesitation in saying, that on a 
railway constructed on their plan, and with a locomotive 
eagikie and carriage-wheels on their principle, the expe- 
dition with which goods can be conveyed with safety, will 
be increased to nearly double the rate with which they are 
Vol. II.— 2 B 
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at present usually taken along railways, and with less inter- 
ruption from the breakage of wheels, rails, &c. than at pre- 
sent occurs, and with much less injury to the working parts 
of the engine. 

In order that their specification may be more clearly un- 
derstood, we have annexed a schedule of drawings. 

Fig". 629 represents a longitudinal view of the locomotive engine on the 
edge railway, a a a, are the cylinders containing the floating pistons 6 b, 
which are more fully described in the next figure. 

Fig. 630 represents a cross section of fig. 629, at the middle cylinders a, a,- 
6 5 are the floating pistons connected with the wrought iron rods e e, the 
ends of which rest upon the bearing brasses of the axles of the wheels d d. 
These pistons press equally on all the axles, and cause each of the wheels 
to press with an equal stress upon the rails, and to act upon them with an 
equal degree of friction, although the rails should not all be in the same 
plane, for the bearing brasses have the liberty of moving in a perpendicular 
direction in a groove or sUde, and, carrying the axles and wheels along with 
them, force the wheels to accommodate themselves to the inequalities of the 
railway. 

Fig. 634, is a view of the wheel, with wrought iron arms, aaaaaa 
show how the arms are cast in the nave h b, and dropped into the mortise- 
holes ceecee in the rim, which are dovetailed, to suit the dovetailed 
ends of the arms dddddd. The arms are heated red hot previously to 
dropping them into the holes, in order to cause them to extend sufficiently 
for that purpose, for when cold they are too short In doing thb they 
take advantage of that quality which iron possesses of expanding on the 
application of heat, and of contracting^ again to its former dimensions on 
cooling down to the same temperature from which it was raised; the 
arms, therefore, on coolmg, are drawn with a force sufficient to produce a 
degree of combination between their dovetailed ends and the mortises of 
the. rim, which prevents the possibility of their working loose; they are 
afterwards keyed up; the mortise-holes are also dovetailed, from the tail 
side of the wheel, (a o, fig. 635,) to the crease side, (b b, on the same 
figure.) 

Fig. 635, is a cross section through the centre of the wheel, with 
wrought iron arms. 

Fig. 636 is an end view of fig. 635. 

Fig. 637 represents a view of their edge railway; showing a rail a, 
connected with the two adjoining rails, the ends of which are shown by 
b b, and also with the props or pedestals on which they rest dd show 
the metal chairs, and c e the stone supports. The joints c « are made by 
the ends of the rwls being appUed to each other by what is denominated 
a half-lap, and the pin or bolt 5-, which fixes them to each other, and to 
the chair in which they are inserted, is made to fit exactly a hole which is 
drilled throTigh the chair, and both ends of the rails at such a height as to 
allow both ends of the rails to bear on the chair, and the bearance being 
the apex of a curve, they both bear at the same point Thus the end of 
one rail cannot -rise above that of the adjoining one; for although the 
chair may move on the pin in the direction of the line crfthe road, yet the 
rails will stiU rest upon the curved surface of their bearance without 
moving. 

Fig. 638 is a cross section of thehr edge railway through the middle of one 
of tile chairs c, and across the ends of the two adjoining ndls c (f and th^ pin 
e//is the stone support or sleeper. 
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Fig. 639 is a cross secUon of a rail a, at the centre, and shows the car- 
riage e behind. 

Fig. 640 is a plan of the railway described at fig. 637, showing the half- 
lap joinings of the rails e c, placed in their carriages d d. 

Fig. 641 is a view of the cast-iron wheel with the malleable iron tyre. 
This wheel is made with curved spokes, as shown tXaaaaaaaaaa^ in the 
figure, and with a slit or aperture in the rim, shown at J, into which a key is 
inserted. The reason of this is, that on the application of the hot tyre the 
cast metal expands unequally, and the rim is liable to be cracked, and the 
arms drawn off, unless me first is previously slit or opened, and the latter 
curved, which allows them to accommodate themselves to the increased dia- 
meter of the wheel; by this formation of the wheel the tjrre might be forced 
on when cold, and keyed up afterwards. 

Fig 643 is a cross section of fig. 641, through the centre, a a show the 
tyre, bhhh show the metal rim. This cast metal rim is dovetailed; so that 
when the tyre, which is dovetailed to suit it, is put on hot, it contracts and 
applies itself to the rim with a deg^e of adhesion which prevents itscomin|^ 
off from the motion of the wheel on the railway. This wheel is of the form 
to suit an edge ndlway, and make it answer for a plate rail it only requlrfi 
the rim to be round or flat. 

Fig. 643 is an end view of fig. 641, without the malleable iron t3rre. 

Fig. 644 represents a view of a roUey or tram-wheel, calculated to ibovjk 
upon a plate nulway. aaaa show the malleable iron arms, fiistened, to tfi^ 
projections bbbb^on the inside of the rim c e c, by the bolts dd dd» 

Fig. 645 is a cross section of fig. 644, through the centre of the wheel. 
a a show the arms, e e the rim, da the bolts. ^ 

Fig. 646 represents a view of a roUey or tram-wheel, with a plate of 
malleable iron a a a a, to form the junction between the nave b b and the 
cast metal rim ccce* 

Fig. 647 is a cross section of fig. 646. a a show the plate upon which 
the nave b b is cast, e e show the cast-iron rim which is cast upon the 
plate, the edges of which, plate are previously covered with a thin coatinp^ 
of loam and charcoal dust, or other fit substance, to prevent the too inti- 
mate adhesion between the iron plate and metal rim, so that if the rim 
should break, it can easily be taken off and replaced by casting anotheiy on 
the plate. 

Fig. 648 represents the plate ndlway on their plan. At the end of each 
plate are projections a o^a £^ to fit into the dovetail carriage b 6, and at each 
end of each plate are p^jections or tenons c cc c^ which fall into the 
mortise-hole, {d, in figs. 649 and 650,) in the carria^ b b, and secure the 
rail from an end motion; and when the pin or key e is driven into its place, 
it secures the plates from rising, thus they are fixed immovable in their 
carriages. 

Fig. 649 is a front view of fig. 648. 

Fig. 650 is apian of the carriage, in which a a show the nail holes through 
which the nails are driven to secure it to the sleeper. When the rails are 
laid in this carriage, and secured by the pin or key, they keep these naiis 
from starting up by resting upon them. 

Fig. 651 is a cross section <^the carriage, and the end of one of the plate 
nuls. 

Fi^ 629* shows a rail of the common way, incUning out of the horizontal 
position, as they very often do from the yielding of uie props or pedestals, 
and of course a shock is sustained by the wagons in passing the joining ta 
the next rail. 
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The ea«e with which cast^ron tan be made into any re- 
quired shape ha9, till very recently, give^ to rails of that 
material a decided superiority over those of malleable iron« 
But the brittleness of the former renders such rails very lia* 
ble to be broken, unless, indeed, they be of such substance 
as will resist the effects of the blows or shocks to which they 
•re exposed, at>d which will require them to be of consider- 
ably greater weight than otherwise would be necessary. To 
obviate this, numerous experiments have been made with a 
view to substitute malleable iron for cast-iron rails, 
' Rails of malleable ii'on appear to have been first used at 
lidrd Carlisle's works, at Tindall Fell, in Cumberland, aboiit 
tim year 18d8j and (.hough found there, and also at two or 
'three, other places at which they were tried, to be a saving in 
the first C6^t, and much less liable to accident, they have not 
till very lately been much used. In fact, it was not till some 
Httime after Mr Birkinsbaw, of the BedliQgton Iron Works, 
iiifid obtained a patent for malleable iron rails of a new and 
imprbved cohstructioh, that rails of this n^aterial came into 
competition with the cast-iron rails. 

] Th« form of ttee jnalleable iron rails previously to this was 
thkt 6f d parallelbpipedon ; which was liable to two objec- 
itipps,, either that the narrowness of the surfkces, when com- 
p«rod to the breadth of the rim of the carriage wheel, was so 
considerable as to expose both the wheel and the rail to 
great injury froni wear; or, if the breadth Of the fail was 
ia«reai;ed to remove this objection, the weight of the rail 
would make the cost amount to almost a prohibition of its 
use., ;''*■'.''■■• 

Mr ftirkinshaw obtained his patent in October 1820; and 
the improvement consisted in making the rails in the form 
of prisms, though their sides need not of necessity be flat. 
The upper surface, on which the wheel of the carriage is to 
run, is slightly convex, in order to reduce the friction; and 
the under part^ which rests on the supporting blocks, chains, 
rests, standards, or pedestals, is mounted upon the sleeper. 
The wedge form ' is proposed, because the strength of the 
lail IS always m proportion to the square of its breadth and 
depth. Hence this form possesses all the strength of a cube 
^qual to its square, with only half the quantity of metal, and 
consequently half the cost of the former rail. Sufllcient 
strength, however, may be still retained, and the weight of 
metal further reduced, by forming the bars with concave 
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skks, which is the form of rail the patentee decidedly prem- 
iers, although the prism or wedge form, in ali its varieties, is 
the principle upon which his patent^right is founded. 

The mode of making these wedge^formed rails of maliea^- 
ble troki id, by parsing bars of iron, when heated, through 
rollers, having grooves or indentations cut upon their peri- 
pheries, agreeably to the intended shape of the bar to be pro^ 
duced. But, though the patentee recommends^ and adopts 
this mode as the most eligible means of producing these rail^ 
he claims thd exclusive right of manufacturing and rendering 
the wedge-formed bars or rails of any length, for the purpose 
of forming or constructing rail-roads. 

The advantages derived from this method of constructing 
railways may be as follows : 

Ist. The original cost of a malleable iron railway is less 
than a oast-iron railway of equal strength. 

fidly. As the rails can be made in the lengths of 9, 12, 15, 
or IB feet each, and even longed when required, the number 
of joints is hereby reduced ; and thus is removed, in a great 
measure, the liability to which the short raits ndwin use are 
exposed, of receiving blows and shocks from the carriages 
Which niove over tliem. 

3dly. In order to remedy the evil arising from the rails 
being imperfectly joined, the plan of welding the ends to^ 
gether has been adopted; by this means making one con^ 
tinued rail the whole length of the road without any joint 
whatever. 

4thly. It hence follows, that on iron railways, the loss of 
coals, occasioned by the jolting of the wagons at the joints of 
the rails, and the injury done to the wheels, the carriages, and 
engines from the same cause, are, if not entirely prevented, 
at least considerably diminished. 

In September 1821, Mr Losh took out another patent for 
further improvements in the construction of railways. These 
improvements consist, first, in fixing bars of fnalieable iron 
on the upper surface of a line of cast or malleable iron rails, 
of whatever form such rails may be, in the longitudinal 
direction of the raits when laid, so as to form an uninterrupt- 
ed line the whole length of the bar, which may be as long as 
it shall be found convenient, and of the same breadth, or a 
little broader or narrower than the upper surface of the rails 
to which it is fixed. Secondly, in fixing, in some cases, a 
band or strap of malleable iron to the under surface of cast- 
iron rails, in order that such strap or band may, by its power 
of tension, give support to the cohesion of the parts of cast- 
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iron rails, jand admit of its being made lighter, of less ex- 
pense, and less liable to breakage. Thirdly, in forming a 
rail, by fixing two bars of malleable iron on their sides 
or edges, and fixing them in that position by bolts and 
studs, or any other convenient method ; and in placing 
and fixing on their upper edges a flat bar of malleable 
iron, or one which is slightly curved or rounded at the 
edges to diminish friction, so that the bar or plate, placed 
and fixed on the upper edges of the two malleable iron bars, 
shall form the surface upon which the wheels of the carriage 
are to revolve. 

Mr Losh states, in the specification of his patent, that 
rail-roads are now become so general, that for the informa- 
tion of mechanical men, or those who have the direction 
of constructing and laying them, drawings would be quite 
superfluous ; he therefore proceeds to state the methods 
which he has found the most convenient for forming the 
junction of the plate or flat bar, which he applies upon the 
surface of the body of the rail ; and also the mode by which 
he attaches the band or strap to the lower edge of the cast- 
iron rail. 

He recommends the dimensions of the bars meant to form 
the upper surface of a railway, calculated to carry locomotive 
engines of seven or eight tons, and wagons of three or four 
tons weight each, to be fifteen or sixteen feet long, two and a 
quarter inches broad, and half to five-eighths of an inch thick. 
At every eighteen inches or two feet of the length of this 
surface-plate, a tenon is firmly welded or riveted, or other- 
wise attached to the under side, taking care in this operation 
to leave the upper surface of the plate even as before. These 
tenons have holes through them in the transverse direction 
of the bars, to take a pin or rivet of from about a quarter to 
half an inch in diameter; and at each extremity of the plate 
a tenon is fixed on by welding, having previously cut ofif a 
piece of about two inches long, and of half the breadth of the 
bar, from the opposite ends of the bar orjplate, and at the op- 
posite angles, so that when two bars, so prepared, are brought 
to join at the ends, the joint is what is denominated a half- 
lap, or scarfed joint. 

If it be required to place malleable iron plates or bars on 
cast-iron rails, nothing more is necessary than to make the 
rails with mortice-holes, to receive the tenons with trans- 
verse holes, to correspond with those in the tenons fixed on 
the plates ; and, after placing the rails in their chairs or 
carriages, to apply the plate to the surface of the rails, and 
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to drop the tenons into the mortise-holes, and to secure them 
there by a pin driven tightly into and through the transverse 
holes of the tenons and mortise-holes. The mortise-holes 
are made in the rails by placing a core in the mould pre- 
viously to running in the metal, and lest this core should 
weaken the rail, it is advisable to add as much metal on the 
outside of the rail, in the form of a boss, where the hole is, 
as will make up the deficiency. A chair is then placed on a 
pedestal at every three or four feet distance, less or more, 
according to the length of the cast-iron rails; and each of 
these must be supported at its ends : these rails are generally 
made with half-lap joints, and to rest on a curb bearance. 
Care is taken that where the ends of the surface-plates meet 
to form a joint, they shall be sustained by a chair ; and the 
reason for making the joints half-lapped, or scarfed, with 
tenons welded to these half-laps is, that one pin or bolt will 
secure both the adjoining ends of the surface-plates, and of 
the bars of cast-iron, more perfectly in the chair, than any 
other known contrivance, when the bearance is the apex of 
a curve. Surface-plates thus prepared with tenons, as de- 
scribed above, may be attached and fixed to the upper sur- 
face of a series of malleable iron rails placed in chairs, which 
rails consists of flat bars, (generally three or four feet long, 
more or less, but sometimes also as long as the surface plate,) 
fixed on their Ihin edges, so as to present the greatest resist- 
ance to a weight bearing upon them. For this purpose, pins 
or rivets may be driven through the transverse holes in the 
tenons on the surface-plate, and the corresponding transverse 
holes made in the supporting bars; and thus may be formed 
a cheap and very serviceable railway. In this case, the 
supporting bars should not be less than two and a half 
inches deep, by half an inch thick, if meant to carry loco- 
motive engines. For smaller carriages, the bars may be of 
less dimensions, in proportion to the decreased weight of the 
carriages. 

In forming the rail, consisting of a plate of malleable 
iron, supported by two flat bars of the same material, Mr 
Losh prepares the surface-plate as above with tenons, and 
having fixed the two bars intended to support it on thair 
edges, parallel to each other, in a series of chairs, and se- 
cured them in that position by bolts passing through them, 
and by intervening studs, to keep them at a proper distance, 
which is such, that the sides or edges of the surface-plate, 
which may be a little curved or rounded, to diminish the 
friction from the wheels passing over it, shall project about 
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a qoarter of an inch beyond them. By these intervening 
studs, the surface-plate is laid upon them, and the tenons 
are dropped in between them, and fixed by pins or bolts 
passing in a transverse direction through holes in the bars, 
which are made to correspond with holes in the tenonS) 
and thus securing them as if they were in mortise-holes* 
The strap or band of malleable iron is fixed by Mr Losh to 
the under edge pf the cast-iron rail, by perforating both ends 
of the strap,. near the extremities, with ^ long hoJe« calcu* 
Ijsted to pass over ^tuds of malleiable iron, which ar« fixed at 
each end of the rail, by being run at th^. time of casting the 
rail or otherwise. : The studs should be about oipe and a half 
inches broad, by three-^eighths.of an inch thick, and placed 
so, that when the strap has been, put over them in a heated 
state, it cannot, , in contracting^ slip its hold; but will, on 
the contrary, fix itself the closer. These straps are made 
of malleable iron bars, about one and a half inches broad, 
three-eighths to half an inch thick, and of such length as 
to draw strongly against the studs and bottom of the rail, 
when in its position. The under edge of the cast-iron rail 
to which this strap is applied being curved, it will, when the 
strap is fixed upon the studs, by an extension <>f its length 
by heai, apply itself firmly to, and support leyery part of the 
lower edge of the rail, in contracting, by parting with its 
beat; and till the power of tension of this stn^ is overcome, 
and it extends its length, or the studs break, the rail cannot 
give way. 

Many other methods, perbatps equally secure, may be made 
use of to plai&eand fix sur&ce-plates on the ^jurfece of rails ; 
but Mr Losh prefers the plan pointed ovt, by tenons and 
mortise-holes, and by rivets passed through boles m such 
tenons, and through corresiponding holes in the supporting 
bars; because, when worn or damaged, these plates can easily 
be taken off and replaced, without injury to that part of the 
rail which supports them. 

The principal patents obtained before the above described, 
are those byBlenkinsop, Brunton, andChapmaii; specifica^ 
tions and drawings of whieh may be seen in the Repertory 
<^Arts. 

Mr Blenkinsop's patent was obtained the 40tb of April 
18U, and is for a method of fixing into the growd a toothed 
rack, or longitudinal piece of cast-iron, <Mr other fit mate* 
rial, having teeth, m protuberances, iaio which a toptb0d 
or cogg^ wheeU connected with a locomotive caniage^ 
plays. 
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Mr Brunton's patent was taken out the 22nd of May 
1813, and is for a method of propelling machines along a^ 
railway by means of two or more bars or legs, which, by 
receiving a reciprocating motion from a steam-engine, act 
against the ground like a man's legs, when in the act of 
walking. These bars or legs are constructed of metal or 
wood, and of such length that, during the act of propulsion, 
the angle formed by the said bars or legs and the surface of 
the road may be such, as to afford sufficient resistance from 
the materials propelled against to overcome the friction of 
the body to be moved. This angle admits of considerable 
htitude, but will be found to answer best when between 50 
and 70 degrees. 

The reader has now been informed of the principal patents 
that have been taken out for improvements in rail-roads. 
The rails most in uie are those of cast-iron by Losh and 
Stephenson, and of malleable iron by Birkinshaw. 

Previously to constructing a railway, it is necessary to 
ascertain, as liccurateiy as the nature of the thing will ad- 
mit, the quantity of lading expected to traverse each way 
upon its line. For if the weigh^of the carriage of merchan- 
dize, &c. be more in the one direction than in the other, as 
will frequently be the case in forming a line of railway from 
a manufacturing or mining district to a town, the railway 
must have a gentle inclination or descent ; but if the lading 
is expected to be nearly equal in both directions, with a 
preponderance at certaip periods only, the railing must, ia 
such case, be set out in levels, or in lines nearly level, 
and the ascents and descents made by planes inclined ac- 
cordingly. ■ 

That the reader may see the necessity of paying due at- 
tention to this point, we shall show the advantages that will 
result from constructing railways with a gentle gradual de- 
scent, when the carriage of the articles of trade are consider- 
ably more in one direction than the other* 

Dr Armstrong, in his Recreations in Agriculture, ob- 
s^ves, that a horse travelling at the usual rate that wagons^ 
move, would, with ease, under favourable circumstances, 
draw 20 tons : but Mr Fulton says, that five tons to a horse 
is the average work on railways, descending at the rate of 
three nfiiles per hour; or one ton upwards with the same 
speed. Mr Telford, an experienced engineer, observes, 
that on a railway well constructed, and laid. with a deelivity 
of 50 feet in a mile, one horse will readily take down wa- 
gons containing 12 to 15 tons; and bring, back the same 
wagons with four tons in them. Mr Joseph Wilkes, in 
Vol. II.— 2 C 
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1799, stated that a horse of the value of 202. drew dowti the 
declivity of an iron road, ,V^ ^^ ^^ ^^^^ ^° ^ y^^y ^1 <^f^ 
riages or wagons, laden with coals and timber, weighing S5 
tons, overcoming the vis inertia repeatedly with ease. The 
same horse, up this declivity, drew five tons with ease. On 
a different railway, one horse, value 30L drew 21 wagons of 
five cwt each, which, with their loading of coals, amounted 
to 43 tons 8 cwt., down the declivity of I-3d of an inch 
in a yard; and up the same place he afterwwrds drew seven 
tons; the cwt. in all these experiments by Mr W. being 
120 lbs. 

Though in the preceding statements there is an apparent 
variance, the authors are not the less entitled to credit; be- 
cause the variations may have arisen from difference in the 
physical strength of the animals, or in the method of con- 
structing the railways. To make the ease, however, as clear 
as possible, we shall here present our readers with some ob- 
servations and calculations deduced from known data, which 
have lately appeared in a very able pamphlet, entitled '^ A 
Report on Rail-Roads and Locomotive Engines,'' by Mr 
Charles Sylvester, civil engineer. 

Mr Sylvester, having made some judicious observations 
on the principles of railways, and the nature of the friction 
to be overcome, states, that, '^ agreeably to the principlea 
laid down in the commencement, when a force is applied 
equal to the friction, the smallest force above diat would, 
if continued, generate any requir^ velocity. But it will 
be desirable to have such a force at command as will ge- 
nerate the necessary velocity in a short time, and when that 
has been accomplished, to reduce this force, but still to leave 
it fully equal to the friction. If any part of the route has an 
inclination, there ought to be an extra force at command, 
above what would be required for a dead level. The plane 
on which this experiment was made, inclined, in the direc- 
tion of the load, about ^ of an inch to a yard. This is as 
great, or perhaps a greater inclination than any rail-road 
ought to have, where loaded carriages go up and down. 
The moving force ought, therefore, to he always greater 
than the friction added to the force which is reqpiired to 
overcome the inclination of the plane. The latter force 
assists the body to go down, and equally resists it in tnoving 
upwards. 

<^ On this account*" says he, " I have uded, or supposed, a 
moving force, which will give the velocity of 5 milesan hour, 
or 7| feet per seoond, in Sie space of one minute. This will 
be performed down the above plane by the engine making 
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45 strokes per minute, (the circumference of the wheel 
being nine feet,) with a pressure of 9.7 lbs. upon an inch, 
of each of the two cylinders, the area of each being 63.6 
square inches. The weight of the engine and 16 wagons 
is equal to 154,560 lbs. or nearly 70 tons. The velocity of 
five miles an hour being acquired after one minute, the only 
force to keep the whole m motion, at the same rate, wilt be the 
difierence between the gravity of the weight down the plane 
and the friction. The friction is 900 lbs.; the gravitating force 
of the weights down the plane 540 lbs.; therefore 900-^ 540 
= 360 lbs. 

^' If the same weight, at that speed, had to move on a dead 
level, and acquired the same velocity in one minute as bo- 
fore, the moving force would require to be 1781 lbs. which 
would require a pressure of 13.7 lbs. upon one inch. But 
after the speed is obtained, it will require only 7 lbs. to keep 
it moving at the same rate. If the same load were required 
to move up the plane, it would require a moving force of 
3338 lbs. or a pressure upon every square inch of 18.3 lbs. 
And this velocity would be kept up by a constant pressure 
of 1447 lbs. which will be 11.3 lbs. upon every inch of the 
piston. 

^'In starting the engine, in the first instance, and giving the 
required velocity, it is probable the effects will agree very 
nearly with these calculations; namely, 154,560 lbs. moved at 
the rate of five miles an hour, with a pressure of 9.7 lbs. upon 
every inch of the piston. Whether the pressure were reduced 
to the difference between the friction and the force upon the 
plane, which is calculated at 2.8 lbs. it is difiicult to say, as* 
there was no steam-gauge to indicate the pressure when the 
engine was going." 

In table 1, at a more advanced part of the work, Mr Syl- 
vester states, that, when the engine is required to travel at 
the rate of nine miles per hour, the force necessary to over- 
come the weight, 154,560 lbs. will be for the firtft minute, when 
the engine is travelling on a level 2890.81 lbs. ; when moving 
down the plane 2461.61 lbs., and when moving up the plane 
3320.01 lbs. But that, when the velocity is attained, a force 
that will balance the friction is sufficient to keep up the re- 
quired velocity. This force is, for travelling on a level, 900 
lbs.; for moving down the plane, 471 lbs.; and for moving up 
the plane 1329 lbs. 

By this, therefore, it is evident that, when the lading is 
expected to be considerably more in one direction of the 
line of rail-road than it is in the other, the advantage which 
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will arise from making the road with a gentle slope, is very 
great. This kind of railing is also preferable when the lading 
is only equal at certain periods. For then the expense of extra 
horses, to draw the additional weights up the plane during 
these periods, will fall infinitely short of the expense saved by 
making the plane with a gentle inclination. 

The necessary preliminaries being settled, the engineer 
will obtain much greater facility, as also a diminution of 
expense, by beginning to lay down tlie rails on any part of 
the intended line of road where stone, gravel, and other ma- 
terials that are wanted, are to be most conveniently had; as 
by that means he will evade the slow and expensive mode of 
common cartage. 

The immense sums that have been invested in the hands of 
certain companies, for the purpose of establishing general 
lines p( rail-road throughout the country, have excited much 
interest and elicited many able papers from practical men, in 
several of the publications of the day. Amongst these, per- 
haps those inserted in the Scotsman, an Edinburgh news- 
paper, and in the Manchester Guardian, are the most deserv- 
ing of our notice. 

The Scotsman first commences with some theoretical state- 
ments, and then continues : 

Having developed the theory of the motion of carriages on 
horizontal railways, we shall have little more to dp with ma- 
thematical discussions, and shall now turn our attention to 
points of a practical nature, better adapted to the taste of or- 
dinary readers. But first, we shall bring under the eye again, 
the efiect of a given quantity of power on a railway, and on 
a canal, in a calm atmosphere — for it is only in a calm atmo- 
sphere that the results can be properly compared. 

We have found that a boat weighing with its load 15 tons^ 
and a wagon of the same weight, the one on a canal, and the 
other on a railway, would be impelled at the following rates, 
by the following quantities of power — which we have stated 
both in pounds and in horse power — reckoning one horse 
power equal to 180 pounds. 
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We have not taken into account the time lost in over- 
coming the ineiiia of the wagon where a small power is 
applied, because, in point of fact, the casual resistance of 
the wind would render it necessary to provide double or 
triple the power above stated. But if necessary, the time 
lost by the slow motion at first might be saved. Suppose 
there are a certain number of places where the steam-coach 
or wagon was to stop, to take in or put out passengers or 
goods; and farther, that the wagod, by travelling a few 
miles, has acquired an uniform velocity of 20 miles an 
hour. Then, if it is made to ascend an inclined plane of 10 
feet perpendicular height, this velocity will be extinguished, 
and the vehicle will stop at the head of the plane. When 
it is to proceed again on its journey, its descent along an in- 
clined plane of the same height on the other side, will enable 
it to recommence its career in a few seconds with the full 
velocity of 20 miles an hour. By raised platforms of this 
kind, at the two extremities of the journey, and at the in- 
termediate stages, the velocity thus generated might be 
treasured up for permanent use. The platforms should be 
of different heights, corresponding to the various velocities 
of the vehicles plying on the railway. But in point of fact, 
the terminal velocity is attained so soon from a state of 
rest, that this contrivance would pobably be found unneces- 
sary. 

Where locks or lifts occur, the stationary steam-engine 
should drag up the vehicle, (supposing it to be along an in- 
clined plane,) not simply from the one level to the other, but 
toa platform some feet above the higher level, that the vehicle 
by its descent^might recover the lost velocity. It is plain, 
however, that when the difference of level did notexceed eight 
or ten feet, the momentum of the vehicle would carry it up 
without any assistance from a stationary engine, and with 
merely a small temporary loss of velocity. 

Some persons imagine erroneously that teethed wheels and 
rackwork would. be necessary where the railway was not 
perfectly level. But the friction of iron on iron being 
25 per cent, of the weight, if the whole load was upon the 
wheels to which the moving power was applied, and if the 
quantity of power was sufficient, the wagon would ascend 
without slipping, though the plane rose one foot in four-^ 
while even cart roads scarcely ever rise more than one foot 
in 18 or 20. If four-fifths of the load, however, were placed 
on separate cars, and only one-tenth of the whole pressure, 
for instance, was upon the axle to which the moving force 
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was applied, the poi/rer of ascent by friction would only be 
one-tenth of one foot in four, or one foot in forty. 

The steam-engine, as we commonly see it, is so bulky, and 
with the addition of its fuel and supply of water, so ponder- 
ous, as to create an impression on a first view, that its whole 
power would scarcely, under the most favourable circum- 
stances, transport its own weight. The steam-boat, however, 
which cuts its way through the ocean in defiance of tide and 
tempest, shows that this is a mistake. For all velocities 
above four miles an hour, the locomotive engine will be found 
superior to the steam-boat ; that is to say, it will afford a 
greater amount oifree power, above what is required to move 
its own weight. 

We have seen various statements respecting the locomotive 
engine, few of them so detailed as could be desired-^from 
which we subjoin the following particulars : 

Trevithick and Vivian's high-pressure locomotive engine, 
with a cylinder of eight inches diameter, and a pressure of 66 
pounds per squareinch, (apparently about eight-horse power,) 
drew carriages containing ten and a half tons of iron, at five 
and a half miles per hour, for a distance of nine miles. 
(Stuart's History of Steam-Engine, p. 164.) Whether on a 
road or railway is not mentioned. 

We find it stated in a Liverpool paper, as the result of in*> 
quiries made respecting the locomotive engines, that one of 
these, often-horse power, conveys fifty tons of goods at the 
rate of six miles an hour on a level railway. But was the 
road an edge or tram-road ? 

Mr Blenkinsop states, in replies to queries put by Sir 
John Sinclair, that his patent locomotive engine, with two 
eight-inch cylinders, weighs five tons, consumes 2-3d 
cwt. of coal, and fifty gallons of water per hour, draws 2T 
wagons weighing 94 tons on a dead level, at three and a 
half miles per hour, or 15 tons up an ascent of two inches in 
the yard ; when ' lightly loaded' travels 10 miles an hour, 
does the work of 16 horses in 12 hours, and costs 4001. 
Another person says, that the weight of this engine with its 
water and coals is six tons, and that it draws 40 or 50 tons, 
(wagons included,) at four miles an hour on a level railway. 
(Repertory of Arts, 1818, p. 19-21.) This seems to have 
been a high-pressure engine of about eight or ten-horse 
power. But we are not informed what sort of railway it 
worked on^ how long its journies were, or what is meant by 
' lightly loaded.' 

We shall take for granted then that an eight-horse 
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power faigb-pressure engine, with its charge of watev and 
coal, and with the car which bears it, weighs six tons, and 
that it requires an additional supply of 100 weight of coal 
and 400 weight of water for each hour it works* This is 
very consistent with other ascertained facts. We find, for 
instance, in the parliamentary report on steam navigation, 
that the low-pressure engines used in vessels, which are 
made twice as strong as staticMiary engines, weigh about one 
ton and one-fifth for each horse power, including their 
charge of water and coal. Now the high-pressure engines 
want the condensing apparatus, which must diminish the 
weight probably by one-fourth part. The estimate for coal 
we have increased one-half, because we think it rather below 
the truth. It is only about nine pounds per hour for each 
horse power, while Mr Watt allows twelve pounds for bb 
low-pressure engines. 

It follows, therefore, that an eight-horse power locomo- 
tive engine with coal and water for eight hours, would 
weigh eight tons. Hence, bulky and ponderous as the 
steam-engine appears, we find that a locomotive engine,, 
weighing eight tons, moves 50 tons besides itself, (taking 
the more m^erate estimate,) that is, it consumes only one- 
seventh part of the power it creates, when travelling at four 
miles an hour; i» the free power applicable to other pur- 
poaeSf is seven-eighths of the whole. This is the result of an 
early experiment, made probably upon a rail-road not of the 
kest kind, and with vehicles much less perfect than they may 
yet be rendered. Though it falls much under the efiect cal- 
culated theoretically, it does not strike us as being inconsis- 
tent with the truth of the principles on which the calcula- 
tion was founded. 

The high-pressure engine, on account of its smaller weight 
and bulk, is evidently best adapted for railways ; and It can 
be used with perfect safety, because it may be easily placed 
in a car by itself, a few feet before the vehicle in which the 
passengers are. The vehicle itself, by its regular and steady 
motion on the railway, would answer the purpose of ^fly- 
wheel in the most perfect manner. The engine might run 
upon six wheels, which should be locked together by teeth 
pinions, that the tendency to slip might be resisted by the 
friction of the whole mass of eight tons. 

The best form of a steam-coach for the conveyance of 
passengers would probably be the following: — A gallery 
seven feet high, eiaht wide, and 100 feet in length, formed 
into 10 separate galleries 10 feet long each, connected with 
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each other by joints working horizontally, to allow the train 
to bend where the road turned. A narrow covered foot- 
way, suspended on the outside over the wheels on one side, 
would serve as a common means of communication for the 
whole. On the other side might be outside seats, to be used 
in fine weather. The top, surrounded with a rail, might 
also be a sitting place of promenade, like the deck of a 
track boat. Two of the 10 rooms might be set apart for 
cooking, stores, and various accommodations; the other 
eight would lodge 100 passengers, whose weight, with that 
of their luggage, might be 12 tons. The coach itself might 
be 12 tons more; and that of the locomotive machine, eight 
tons, added to these, would make the whole 32 tons. Each 
of the short galleries might have four wheels; but to lessen 
the friction, the two first wheels only should be grooved, the 
two last cylindrical, and three or four times as broad as the 
thickness of the rail. The conveyance of goods would be 
effected by a train of small wagons loosely attached to each 
other. 

It will be observed from the table we have given above, 
that it would require seven-horse power to impel a steam- 
boat weighing 15 tons at 12 miles an hour. This gives a 
load of two tons so moved ; however, the engine, if a low- 
pressure one, with water and eight hours' coals, would weigh 
nearly ten tons, and the vessel would weigh at least five; so 
that the whole power of the engine would be expended in 
impelling itself and the ship containing it, at the supposed 
rate, and no free power would remain for freight. Facts 
show that the resistance is actually rather greater in 
water than theory in this case represents it. We have cal- 
culated from data furnished by the Parliamentary Report on 
steam navigation, that the entire burden on the engine in 
vessels going only eight or nine miles an hour in calm 
weather, rarely exceeds three tons for each horse power, 
while, according to the table, it should be five tons. Indeed, 
in our common steam-vessels for passengers, going eight or 
nine miles an hour, the ship and engine may be considered 
as constituting the whole burden. For 50 passengers, 
weighing perhaps with their luggage six or eight tons, placed 
on board a ship weighing, with her engine of 60 or 70 horse 
power, a hundred and fifty or hundred and eighty tons, form 
but an addition of one-twentieth or one-thirtieth to the 
mass — a quantity of no importance in a practical point of 
view. If we convert the steam-engine power ipto real horse 
powei; and figure to ourselves 100 horses' employed to 
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draw 50 persons, we see what an enormous waste of power 
there is in the mode of conveyance. We may remark furtheri 
that the tenor of the evidence given before the Parliamentary 
Committee, renders it extremely doubtful, whether any vessel 
could be constructed, that would bear an engine capable of 
impelling her at the rate of two miles an hour, without the 
help of wind or tide. 

When the steam-coach is brought fully into use, practice 
will teach us many things respecting it, of which theory 
leaves us ignorant. With the facilities of rapid motion 
which it will afford, |iowever, we think we are not too 
sanguine in expecting to see the present extreme rate of 
travelling doubled. 

This practicability of conveying individuals or merchan- 
dize at the speed required in the present improved state of 
our internal intercourse with the different parts of the king- 
dom, has created much doubt and discussion with many able 
and practical mechanics. The. question seems to resolve it-> 
self thus. Do the friction incurred by any moving body, lay- 
ing aside the resistance of the atmosphere, increase in pro- 
portion to its velocity? 

Without going into any diffuse or theoretical argument on 
this point, we shall merely cite that by the results of actual 
experiments instituted by Vince and Coulomb, it appears <Aa^ 
friction does not increase in proportion to the velocity. 

By experiments made also by Stephenson and Wood, 
it appears that the force required to keep a given weight in 
motion does not vary with the velocity : thus, a force of 
14 lbs. was found to overcome friction, and keep in motion 
an empty coal wagon, weighing 23.25 cwt. on a rail-road ; 
and that on doubling the velocity, no more force was re- 
quired. Further also it appears, that on increasing the 
weight, or load, the power required to overcome the friction, 
and keep the wagon in motion, did not increase in similar 
proportion, but up to 76.25 cwt. was about one-fourteenth 



Notwithstanding the simple and satisfactory manner by 
which the experiments that led to these results were conduct- 
ed, the fact has been still much doubted. We cannot there- 
fore do better than to extract from the Manchester Guardian 
the following article, which contains an account of experi- 
ments, with most conclusive results, made by that able me- 
chanic, Mr Roberts of Manchester : 

" The object of the papers on rail-roads which appeared 
in the Scotsman, was, in a great measure, to show the prac- 
VoL. II.— 2 D 
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ticabllity of transporting confimodities upon rail-roads, at a 
very considerable speed ; and, (with some fallacies, which 
we shall endeavour to point out,) they contain a great deal 
6f valuable information, on the relative merits of highways, 
canals, and rail-roads. The principal point, however, and the 
one to which we shall confine our observations, is an enunci- 
ation of the laws which regulate the friction of rolling and 
sliding bodies, as deduced from the experiments ofVinceand 
Coulomb. With a view to the illustration of this part of the 
ibubject, some very important and conclusive experiments 
have recently been nmde in this town, to which we shall by 
and by have occasion to refer at some length ; but before do- 
ing so, we must make a few observations on the rule laid 
dowii by the Scotsman, and the mnHsonceptions which appear 
to have prevailed respecting it, both in that journal and id 
other quarters. 

After comparing the resistanoe experienced by a boat mov- 
ing through the water, with the friction wfaiich retards the 
progress of a wagon on a rail-road, and stating that they are 
governed by different laws, the Scotsman notices the conclti- 
sions established by the experiments of Yihoe andCoulonib ; 
the tnost importantof which is, that the friMian of roiling and 
diding bodies is the same for all velocities. The wViter then 
observes : 

< It is with this last law only, that tr6 have to tlo at pre- 
sent ; and it is remarkable that the extraordinary results to 
ivhich it leads, have been, as far as we kno\4r, entirely over- 
looked by writers on roads and railways. These results, in- 
deed, have an appearance so paradoxical, that they will shock 
the faith of practical tnen, though the principle from which 
they flow is admitted without question by all scientific me- 
chanicians. 

* First. It flowii from this law, that, (abMracting the re- 
sistance of the air,) if a car Were set in motion on a level 
railway, with a constant force greater in any degree than 
is required to overcome its friction, the car would proceed 
with a motion continually accelerated, like a fhlling body 
acted upon by the force of gravitation } and however small 
the origihal velocity might be, it would in time increase 
beyond any assignable limit. It is only the resistance of the 
air, (increasing as the space of the velocity,) that preventsi 
this indefinite acceleration, and ultimately renders the motion 
uniform. 

^ Secondly. Setting aside again the resistance of die air^ 
(the effects of which we shall estimate by and by,) the very 
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same amount ot constant force which impels a car on a rail- 
way at two miles an hour, would impel it at ten or twenty 
miles an hour, if an extra force were employed at first to 
overcome the inertia of the car, and generate the required 
velocity. Startling as this proposition may appear, it is an 
indisputable and necessary consequence of the- laws of fric^ 
tion. 

^ Now it would at all times be easy, as we shall afterwards 
show, to convert this accelerated motion into a uniform of 
any determinate velocity ; and from the nature of the resist- 
ance, a high velocity would cost almost as little, and be as 
readily obtained as a low one. For all velocities, therefore, 
above four or five miles an hour, railways will afibrd facilities 
for communication prodigiously superior to canals, or arms 
of the sea.' 

Now we are perfectly satisfied, both by the experiments of 
Vince and Coulomb, and those more recent and conclusive 
experiments, to which we have already alluded, that the rule 
laid down here is correct; but the writer ought to heve guard- 
ed against the misconception to which iiis last paragraph is 
liable. When he says that a high velocity would cost almost 
as little as a low one, he should have said that it would cost 
as little per mile, or as little over any given space : for it can- 
not be his meaning, that a carriage can be kept moving for an 
hour, or for any given time, at a high velocity, with as little 
expenditure of power, as at a low velocity. Yet this he has 
been generally understood to mean, and a great deal has been 
written and said with a view to prove that he 'was mistaken, 
when in fact he was only misunderstood. In a subsequent 
article, however, the author appears, in some degree, to have 
fallen into the same error into which he has led other per- 
sons. He says: 

^ Every body knows that the rate of stage-coach travelling 
in this country has increased within the last twenty-five years, 
from six or seven miles an hour to eight or nine, aqd this, 
too, before roads were M^Ad»nized, and with much lean 
injury to the horses than was anticipated. Supposing that ^ 
eoach«>horse could run fourteen miles unloaded, with the 
same muscular exertion which carries forward the stage- 
coach at eight oi nine miles, then professor Leslie's formula 
becomes 3-4 ths ( 14 1?) 2. Each horse would, of course, dra# 
with a fdrce of 48 lbs. at six miles, and of 27 lbs. at eight 
miles an hour. But if f^e friction increased in the ratio of 
the velocity, the load upon each horse would increase ftoan 
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48 lbs. to 60 lbs., when the speed increased from six to eight 
miles an hour: and as the horse exerting the same strength 
would only pull with a force of 27 lbs., he would thus have 
more than double work to do, which is plainly impossible. 
But admit that the friction is equal in equal times; then, since 
the time is diminished l-4th by increasing the speed from six 
to eight miles an hour, the horses have actually 4-5ths less to 
do; the load upon each is reduced from 48 lbs. to 36, and the 
horse would have to increase its exertion only l-3rd, that isf 
from 27 lbs. to 36. The facts, we believe, will be found 
strictly consistent with this hypothesis, and decidedly at va- 
riance with the other. However strange it may sound, then, 
to common observers^ it is practically true, that a smaller ab- 
solute amount of force will drag a coach over the same space 
in three hours than in four, and in one than in two.' 

This paragraph seems to us to contain a very obvious fal- 
lacy. If the speed be increased from six miles an hour to 
eight, the horses have by no means l-4th less work to do, 
supposing the friction a constant quantity, and the tractioa 
consequdDtly the same. It is true that they exert this power 
for a shorter time, but it is over the same distance. Sup- 
posing the power of traction necessary to overcome the fric- 
tion is 1000 lbs., then that power must be extended over every 
yard of the distance, whether tlie carriage moves at six or 
eight miles an hour : and it is by the distance, not the time, 
that the power must be measured. That this must be the 
case, will be obvious if the experiment be put in another 
shape. Suppose a perfectly horizontal railway, a mile long, 
with a perpendicular descent of a mile at one end of it, as re- 
presented in fig. 652. 

Suppose a wagon placed on this railway at A, attach- 
ed to a rope passing over a pulley at B, and loaded at 
that point with a weight exactly sufficient to overcome the 
friction, then, if the resistance of the air is nothing, and 
the rope be without weight, it follows, from the rule laid 
down, that if the wagon is set in motion at any given 
speed, it will continue to move at that rate, until it reaches 
the point B and the weight falls to C. But whether the 
wagon passes over the railway in an hour or in three 
minutes, it is obvious that the same weight will descend 
through the same space, and that consequently, the same 
amount of power will be expended. It is, perhaps; neces* 
sary to observe here, that if the weight is only Just suffi- 
cient to overcome the friction, there will, (as is proved bj 
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the experiments of Mr Vince,) be no acceleration of motion 
on the principle of falling bodies. 

However, though a carriage cannot, as we think we have 
shown, be moved ten miles in one hour, with a similar ex- 
penditure of power as in two, it is very interesting to know 
that it can be moved with the same expenditure, (excepting 
the resistance of the air.) In many cases despatch is of so 
much consequence, that the elucidation and application of 
this rule will probably lead to very important results. Many 
persons, however, are very sceptical on this subject, and 
contend that the experiments of Vince and Coulomb do not 
authorize any such conclusions as have been drawn from 
them. It has been asked, if the same constant force will 
move a carriage as well at a high as at a low velocity, why 
we do not see something like this in practice ; why a carriage 
moved by a steam-engine instead of acquiring, as it pro- 
ceeds, a high degree of velocity, moves on at one uniform 
rate after it has overcome the vis inertice at the commence- 
ment of its journey? We think the reason is very obvious. 
A locomotive steam-engine does not exert the same constant 
force on the peripheries of the wheels of the carriage, 
when it moves at different velocities. For instance, sup- 
pose the piston of an engine to move 220 feet in a minute, 
and to impel the peripheries of the travelling wheels at a 
velocity of two miles, and with a force just sufficient to 
overcome the friction, how can the speed be augmented 
without increasing the power of the engine ? If the dia- 
meter of the wheels be increased with the view of increas- 
ing the speed, the force with which they are impelled will 
be diminished in the same. proportion; and the engine will 
stop, unless the pressure is increased. To increase that, of 
course, will be to augment the power. As it is obvious, 
therefore, that a steam-engine cannot exert the same force at 
different velocities, some other means must be devised for 
putting to the test of experiment the rule laid down in the 
Scotsman. 

We now come to the most important and interesting 
part of this article. As none of the experiments of Vince or 
Coulomb, (so far as we have seen or heard them detailed,) 
were made with bodies resembling railway wagons, either in 
Corm, or in the nature of their motion, the correctness of the 
conclusions deducted from them with respect to such car- 
riages, was doubted by many persons of considerable scien- 
tific attainments. It became desirable, therefore, that other 
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experiments should be tried, with carriages upon railways, 
which, of course, would be much more satisfactory. This, 
however, it did not at first sight appear very easy to accom- 
plish in a satisfactory manner: but Mr Roberts, of this town, 
recently devised a mode of determiniug the point, which ap- 
pears to us wholly unobjectionable, and which exhibits, in a 
high degree, the simplicity and facility of execution, by 
which that gentleman's inventions are so emii^ntly distin- 
guished. It was very difficult to devise means for measuring 
accurately the friction of a carriage moving over a railway; 
but it occurred to Mr Rpberts, that the difficulty would be 
obviated if the railway were made to move under the carriage. 
When this idea once presented itself, it was easy to reduce it 
to practice. Mr Roberts therefore constructed an apparatus, 
of which fig. 654 will give a pretty correct notion. 

A is a smaU wagon with four cast-iron wheels, placed on the periphetr 
of a cast-iron drum B, three feet in diameter, and six inches broad, (which 
acts as the rall*road,) Tins drum is £fistened on the same shaft as the pulley 
C, which is driren at cBfferent speeds by a strap from another pulley. The 
wagon is attached by a wire to one of Harriot's patent weighing machines D» 
for the purpose of measuring the friction, and the boam G prevents the 
current of air, occasioned by the motion of the drum, from acting upon the 
carriage. Now if the drum be driven with any g^ven velocity, say four miles 
an hour, in the direction ^dicated by the mark E, and the wagon held in its 
place by the wire which attaches it to the index, it is perfectly obvious tiiat 
the wheels mU. revolve on the drum in precisely the same manner as if the 
wag^n moved forward on a horizontal road; and the friction will also be the 
staae, except, perhaps, a small addition occasioned by the curvature of tiie 
drum, but which will not afiect the rdaHaje frictions of c^fi^nt speeds. Aa 
the wagon is stationary, the re^taace of the air will be entirely got rid o^ 
and the index of the machine will indicate the precise amount of traction 
necessary to overcome the fiiction. Of course, in making the experiment, 
it Mrill be necessary to keep the centre of the wagon exactly over the axis 
of the drums for if it were permitted to g^ b^ond the centre, a part 
of the weight would be added to the friction; if, on th^ contraiy, it waa 
brought nearer the index, a part of, the weight would act against the 
friction, and diminish the apparent quantity. The tempering screw, F, is 
therefore added to keep the wagon in its proper situation, in whatever 
way the spring of the weighing machine may be %ctefi upsqn by the po- 
tion. 

This nmple apparatus having been constructed, a number of experi- 
ments were made, chiefly with a view to determine whether the friction 
is the same at different velocities. The wagon was loaded with fifty 
pounds, (including its own weight,) and th£ drum was driy^ at diffefent 
velocities, varying from two to twenty-four nfiles an hour on the periphery: 
but in every case, the friction, as indicated by the weighing machine, 
was precisely the same. No increase of speed affected the index at all, 
but on increasing the weight, it immediately showed a correq^onding in- 
crease of friction. 

We consider these experiments as perfectly conclusive 




^ 
^ 



2 

Q 
S 



AND MACHINIST. 231 

of the fecti that the friction on fl railway is the same for all 
Telocities ; and that a carriage may be propelled twenty 
miles in one hour, with the same amount of force which would 
be necessary to drive it twenty miles in ten hours, provided 
the resi^anoe of the atmosphere was out of the question ; 
and if the carriage was properly conQtrdcted, that would 
not amount to much. In other words, goods may be con- 
Teyed from Mttichester to Liverpool, on a rail-road, with 
Tery nearif the same ex{)enditure of steam, whether they are 
carried two miles, or four miles, or twenty miles an hour. A 
steam-engine, which will propel twenty tons at four miles an 
llpur, will, with the same expense of coals, propel ten tobs at 
eight miles an hour^ so that, with the smaller load, it might 
make a joujrney t0 Liverpool and back in the same time which 
would be oecupied in going thither with the larger load. Or^ 
to put theinatter ioLjinother shape : suppose a four-horse en- 
gine will convey forty tons to Liverpool in eight hours, an 
eight-horse etigine will convey the same weight thither in 
four hoOrs. There will be the same expenditure of steam 
in both cases, but, in the latter, a saving of half the time ; a 
saving which, 'we ne^ not add, will frequently be of im- 
mense importance.'' 

These practical resultsr;are very satisfactory, as the hope of 
propelling carriages at a suitable speied, for the more rapid 
dispatch of busindsf) and conveyance of passengers, is there- 
by plaeed almost bqrood n doubt. 

We ought to notice here the striking difference in the 
finrce requtsile io give rapid motion on a rail-road to that on 
a canal or navigable river. These latter are governed by a 
totally different hiw, as the resistance, or head of water on 
the bows of the boat^ increase^as the squares of its velocity; 
CQns^quently it will require four times the power to double 
the speed. But, on tbe other Itand, it must be admitted, 
that in all speeds under three miles per hour, tbe canal has a 
decided advantage, as the force increases as the speed dimi- 
nishes. 

' With respect to thd horse, it is well known that his pow^ 
decreases as his speed increases ; and that when he i^ travel- 
ling at his greatest speed, which, with a weight, seldom ex- 
cels 13 miles per hour, he is able to exert little or no 
stiength. We, therefore, take jt for granted, that in the pre>- 
seht improved state of our manufactures, artificial power of 
some description must be resorted to> and whatever experi- 
ence may prove to be the most economical, tbe application 
of that power is tbe most iraportMl part of the sobject now 
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under consideration. On this point, the data with which we 
are furnished is so very limited, as scarcely to render it pos- 
sible to form any decisive opinion. 

The engines which have been some time at work at Mr 
Brandley's collieries, near Leeds, have a cogged wheel, 
playing in a rack, which is laid as one of the rails of (be 
road ; and those at Hetton colliery are much on the same 
principle. This plan is objectionable^ because the whole 
weight of the engine, which on the most improved con- 
struction, is not less than eight tons, is on the wheel, so 
that any obstacle on the rail knust of necessity shake the 
whole machinery. To idiviate this, Mr Gordon has con?, 
trived, and taken out a |^|^nt for a locomotive carriage with 
the engine on springs^Vnich imparts the motion without 
any connexion with tii^||wheels or axle-tree, and there are 
various other plans in ^i^ress for the same object. But let 
this be effected as it nj^jr^ the greatweight of the engine, 
which is by far the greatest objection, is not obviated. And, 
indeed, this appears to us only possible to be accomplished, 
by either diminishing the weight of the engine, as proposed 
by the application of Mr Brown's pueumatie, or vacuum 
engine, or taking the engine entirely from the carriage, and 
employing stationary engines, at suitable distances, to tow 
or draw the carriages in regular succession. This Fast mode 
has been applied to practice in the vioinity of Newcastle, 
by Mr Thompson; and the results .aiay be seen i& some 
very able observations annexed to the specification of his 
patent, and inserted in the Repertory of Arts fo|: March 
1822. 

His method consists in dividing the line of .rail-road into 
any number of stages, at suitable distances apart. At the 
end of each stage an engine is erected for the. purpose of 
drawing the carriages from the next stage, or engine, oo 
either side, towards itself. This is effected by mewisof 
ropes, which, previously to commencing operation, are 
taken from each respective engine to the engine immediately 
before it by horses; but after the work has commenced, by 
being hooked at the end of^ the advancing or returning 
carriages. 

In forming lines of rail-road upon this system, that is,- 
where stationary engines are to be employed, it is not neces- 
sary that they incline in the direction of the loads, or be 
made perfectly level. For in engines of this description there 
is no occasion to pay that particular attention to the weight 
of the boiler and appurtenances, as is the case in engines 
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which have a locomotive principle. Indeed trifling inequali- 
ties of surface, which would be a material objection in the 
application of locomotive carriages, are, in the lines of road 
where stationary engines are employed, quite unheeded. 

As many roads are traversed by night as well as by day, 
it becomes necessary that a signal should be given from one 
engine to the other as soon as the carriages have arrived 
and are hooked to its respective ropes, that the engine ten- 
der may not be at a loss when to throw his machinery into 
geer. For this purpose, Mr. Thompson recommends that 
the door of the fire-place of the boiler, or other strong light, 
be placed towards the engines on each side, so that, by 
opening it on that side which faces the engine, to whose 
ropes the carriages just arrived have been attached, the en- 
gineer may adopt such measures as will effect the desired 
purpose. 

It is true, locomotive engines were not at that period so 
well understood as at present ; but it appears to us that this 
point still remains in a very undecided state, and that from 
the even now limited experience in propelling carriages on 
railways, at a speed any thing like that of common carriages, 
it is very difficult to hazard an opinion. From the data, how- 
ever, that can be collected, we certainly incline to stationary 
engines, as the most mechanical and economical application 
of the requisite, power. 

As to the degree of danger which travellers maybe exposed 
to by locomotive engines, it cannot, under a proper manage- 
ment, exceed that of a steam-boat, or a factory where power 
is operating. It is true, that as the weight of the engine is 
of great consideration, condensing engines, (if steam be the 
force employed,) are quite inapplicable, and what are gene- 
rally called high-pressures must be introduced. But though 
all engines which do not condense their steam, and act only 
by the pressure, or elastic force, are called high-pressure en- 
gines, there is no necessity whatever to go to dangerous heats, 
and with either wrought iron or copper boilers and valves, 
placed out of the reach of the operative engineer, or engine 
tender, may certainly be worked at 45 or 53 lbs. pressure with 
as much safety as at 20 lbs. in condensing engines. Indeed, 
on investigating the cause of steam explosions, they will bo 
found to have rarely occurred but from thie grossest ignorance 
and neglect. 

Such of our readers who are desirous to have farther infor- 
mation on this interesting subject, we must refer to a very 
Vol. IL— 2 E 
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able report on rail-roads, by Mr Charles Sylvester, to the 
paper alluded to by Mr Thompson, in the Repertory of Arts, 
for March, 1822, to a work which has lately issued from the 
Press, by Mr N. Wood of the Killingworth Colliery, of 
whose experiments, in conjunction with Mr Sylvester, we 
have already had occasion to speak, and to Observations on a 
General Iron Railway, by Mr Gray. 



[Description of a Merchant Flour-MiU driving four pair 
five feet mill-stones, arranged by Cudwallader fy Oliver 
EvanSj Engineers^ Philadelphia, 

1. A hollow cast-iron shaft, circular, J 5 inches in diameter, except at those 
points where the water and main bevel-wheels are hung, where it is in- 
creased to 19 inches in diameter. The water-wheel is secured on thb shaft 
by three sockets represented and described, Plate 96, Fig. 3, and makes 
10 revolutions per minute. r 

2. The mjdn driving bevel-wheel on the water-wheel shaft, 8 feet in dia^ 
meter to the pitch-line, 100 cogs, 3 inch pitch, arfd 8 inches on the face, re- 
volving ten times per minute, and driving 

3. A bevel-wheel on the upright, 4 feet in diameter to pitch-line, 50 co^, 
same pitch and face of cogs as above, revolving 20 times per minute. 

4. The large pit spur-wheel, making 20 revolutions per minute, 9 feet 1.5 
inch diameter to pitch-line, 114 cogs, 3 inch pitch, face 10 inches. This 
wheel gives motion to 

5. 5, 5^5, Four pinions on the spindles of the mill-stones, 18.1 inches 
in diameter to pitch-line, 19 cogv, same iace and pitch, 

6. 6, 6, 6. Iron upright shafb, extending the height of the buil(Ung, and 
coupled at each story. 

T, 7, 7, 7. Are 4 pair five feet mill-stones, making 120 revolutions per 
minute, two of them shown in the elevation, and the position of the four 
shown in Plate 97, as represented by the dotted lin^^ Fig. 1. 

8. A pulley on the upright shaft, which by a band gives motion to the fan 
for cleaning grain, revolving 140 times per minute, wings 3 feet long, 20 
inches in width. 

9. A bevel-wheel 2 fbet diameter, cogs 2 inch pitch, face 2.5 inches on 
the upright shaft, gearing into a bevel-wheel^ the face, of which is shown, 
drives the bolting-screen 18 revolutions per miuute. 

10. A bevel-wheel on upright shaft, 56 cogs, 2 inch pitch, 2.5 inches, 
face gearing into 

10. A beveWheel on the shaf of the bolting-reels, 31 cogs, same pitch 
imdface. 

10. 10. Are two of four bolting-reels shown, 18 feet long, 30 inches dia- 
meter, revolving 36 times per minute. 

11. A large pulley on^e upright shaft, which by a band i^ves motion to 
the rubbing-stones 11. 

12. A bevel-wheel on the top of the upright shaft, gearing into 

12. A bevel»wheel on the horizontal sha^ at one end of which is 

13. A bevel-wheel, one foot diameter, gearing into a bevel-wheel 

14. Of 5 feet diameter, which reduces the motion of the hopperboy down 
to four revolutions per minute, which sweeps a circle of 20 feet 
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15. Meal-elevator, attending 4 pur stones. 

16. Crain-elevator. 

17. Packin|:-room and press. 

Plate 9r, Fig". 1. A bird eye view- of the mode of giving motion to 4 pair 
mill-stones. 

4. The large pit spur-wheel^ driving at equal distances on its periphery 
the pinions v 

5> S, 5, 5. Attached to the spindles of the millstones. 

''^ 7f 7, 7. Mill-stones 5 feet diameter, represented by dotted circles. 

Fig. 5. An enlarged view of the couplings for the upright shaft. They 
are of cast-iron, wiUi their holes truly reamed to receive the ends of the 
iron upright shafts. 2. The face of a coupling, divided into six equal parts 
radiating from the centre, three of the parts project and three are depress- 
ed, so that when two of them are coupled, the prqjection of one will nil the 
depressions in other, as 1, the coupling, connected. 

Fig. 3. A cast-iron socket for the water-wheel; it is a plate J inch thick; ^ 
the eye for the shaft to pass through 1^ inch thick and 12 inches deep; the 
sockets for receiving the ai-ms are 14 inches long, and have projections 5 
inches deep, 333, 8cc. the projections, the intermediate space between the 
sockets are cut out to lessen the weight of metal, but must be in such a man- 
ner as to preserve the strength. It requires three of these sockets for a 
large water-wheel; the arms for receiving the buckets are dressed to fit 
tightly in the sockets, and secured firmly by bolts as 2.2. 

Fig, 4. An armfor the water-wheel as dressed; 1, the end to be bolted in 
the socket; 2, the end for screwing on the bucket. 

The advantages of this mode of constructing water-wheels are, the shaft 
is not weakened by having mortises cut in it to receive the arms, that it is 
not so liable to decay, and if an arm or bucket is destroyed by accident, 
they can be dressed out, and the xmll stopped only while you unscrew the 
broken part and replace it by a new one. 

Fig. 2, An elevation of the flour-press; 1, the barrel of flour $2, the funnel; 
3,3, the driver; 4, 5, the lever; 4, 3, the connecting bars fastened by a strong 
pin to eacn side of the lever at 4, and to the driver at 3; 6, a strong bolt 
passing through the floor and keyed below the joistf there is a hole in the 
upper part of the bolt to receive a pin which the lever works on, and when 
brought down by the hand, moves the pin 4 in the dotted circle, the con- 
necting bars drawing down the driver 3, 3, forcing the flour into ^e barrel; 
and as it becomes harder packed the power of the machine increases; as the 
pin 4 approaches the bolt 6, the under sliding part of the lever is drawn 
out to increase its length, and is assisted in rising by a weight fastened to a 
line passing over puUies. 

When the pin 4 is brought down within half an inch of the centre of the 
bolt 6, or phunb-lioe, the power increases from 1 to 288; and with the aid 
of a simple wheel and axis, is as 1 to 15; from 288 to 8640; that is to say, one 
man will press as hard with this machine as 8640 men could do widi their 
natural strength. It is extremely well calculated for cotton, tobacco, cyder, 
or, in short, any thing that requires a powerfiil press. 

Operation of the MiU. The g^n, after having been weighed, by drawing a 
slide, is let into the grain-elevator 16, there hoisted to the top of the building, 
and by a spout moving on a circle, can be deposited into spouts leading to 
any part of the mill; when wanted for use, by drawing sliders on other spouts 
conveying the gnun-elevator 16, can be re-elevated, and thrown into the 
hopper of the rubbing^tones 11, after passing through which, it descends 
into the bolting-screen 9, and. when screened, falls in the fan 8, is there eiean- 
ed, and from that descends into avery larg^ hopper, over the centre of the 
four pair mill-stohes, which are supplied regularly wi^ grain. After being 
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ground, the meal descends into it chest, is taken by the elerator 15 to the top 
of the building, there deposited under the bopperboy, which spreads, cool^ 
and collects it to the bolting-reels, where the several qualities are separated^ 
and the flour descends into the packing-room 17, where it is packed in 
barrels. 

By this arrangement, we dispense with all conveyers, and have only one 
grain and flour-elevator to attend to four pair stones, and dispense with one- 
half of the quantity of gearing usually put in mills, and do not occupy near 
the space, leaving the rest of the building for storing grain, &c. 

All the wheels in this mill are of cast-iron, and the Sice of the cogs very 
deep, for experience justifies that depth of flice in cog-wheels, when pro- 
perly constructed, does not increase fnction; that the wheels wUl last treble 
the time by a sm^l increase of depth: we recommend the main driving- 
wheels to be 10 inches on the face. The journals of all shafts where great 
pressure is applied should be of double the length now generally used. 
Increase of length does not increase friction; say for water-wheels ftom 8 to 
14 inches, ^foumal draughts of mills furnished by the subscribers, and the 
cast-iron work can be obtained at the Steam-Engine and Iron-Foundry of 
Messrs Rush and Muhlenburg, Bu8h-Hill» Philadelphia. 

CADWALLADEU EVANS, 
OLIVER EVANS. 



The following account of the Philadelphia fVater'Wark$, has 
been furnUbed for this work by Frederick Chraffj £19. under 
whose direction they were constructed. 

Plan and section of a Water-wheel and pump for raising 
water 96 feet perpendicular height. Plate 98. 

A, plan of the ¥rater-wheel. 

B, ci«nk wheel. 

C, connecting rod from the wheel to the pump. 

D, plan of the pump. 

£, the forebay which snpplies the wheel and pomp with water. 

F F, the gates to forebay and water-wheel. 

The water-wheel is 15 feet long and 16 feet diameter, and works under 1 
foot head, and 7 feet 6 inchea fall, and makes 13 revolutions per mimite. 

The pump is double, the working barrel of which is 16 inches clear in 
diameter, and the half stroke of the pump is 5 feet. The quantity of water 
nused is upwards of 1^ millions of g^Ions, ale measure in 24 hours. 

Plan of the cast-iron pipes of conduit with double and 
half branchesi circular-pipe, reducing-ptpe, bevel-hub pipe, 
&c. as used at the Philadelphia Water- Works. Plate 99. 

The laying of the pipes is very easy, care being taken to 
keep them firm in their bed — the hub, or large end of one, laps 
about four to six inches over the small end of the other, 
leaving a space of from one-fourth to one-half of an inch all 
round, which is first caulked in with a ring of plaited hemp, 
to prevent the lead running into the pipes ; then a pair of nip- 
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pers, with a joint in the lower part to fit all round the pipes, 
and having an opening on the top for the lead, and another 
for the escape of the air, which will be shown in the annexed 
drawing, is affixed next to the opening on the outer part of 
the pipe, so as to prevent the lead coming out in front, which 
is further secured by a ring of clay, outside of the nippers, 
and formed into a cap at top, into which melted lead is poured, 
forming a ring of lead three or four inches in depth. When 
the lead is cold, the clay and nippers are removed, and it is 
then upset with a hammer and chisel, which completes the 
joint. 



ThefoUovnng is a list of the average weight of pipes of difftrmi 
diameters in the clear ^ with the thickness required to bear ttpres- 
sure of SOO feet head of water, and theprtsmt prices. 



Diame* 
ter. 


Thickness of 
the pipes. 


Weight per 
running yard. 


Present price 

per running 

foot 






C. qrs. lbs. 


Dolls, cts. 


2 inch. 


liths. 


12 


40 


3 


fuU TTths. 


1 16 


51 


4 


Ti-ths. 


2 4 


- 67 


6 


i6ths. 


10 


' 1 06 


8 


iVths. 


1 1 21 


1 40 


10 


Aths. 


2 8 


2 00 


12 
16 


1^ths. 
TTths. 


2 2 18 

3 2 


2 30 
.3 75 


20 


ilths. 


5 


5 00 



236 



THE OPERATIVE MECHANIC 



A table of the weight of cast-iron pipes, 12 inches hngj in pounds 
avoirdupoise. 



Diam. 

of 
Bore. 



I 



1* 



li 



1* 



ItUcI 
of 



Metal. 



1 

li 
2 
2J 
3 

I* 

64 

7 

? 

9 

.^* 
10 

lOi 

11 

11* 

12 

12J 

13 

13* 

14 

14* 

15 

15* 

16 

16* 

17 

ir* 

18 

18* 

19 

19* 

20 

20* 

21 

21* 

22 



3,05 
4,28 

6,r3 
r,95 

9,15 
10,4 
11,62 
12,8 
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GEOMETRY. 

Geometry is that branch of mathematics which treats of the de- 
scription and properties of magnitudes in general. 

Definitions or Explanations of Terms. 

1. A point has neither length, breadth, nor thickness. From this 
definition it may easily be understood that a mathematical point can- 
not be seen nor felt; it can only be imagined. What is commonly 
called a point, as a small dot made with a pencil or pen, or the point 
of a needle, is not in reality a mathematical point 5 for however small 
such a dot may be, yet if it be examined with a magnifying glass, it 
will be found to be an irregular spot, of a very sensible length and 
breadth^ and our not being able to measure its dimensions with the 
naked eye, arises only from its smallness. The same reasoning may 
be applied to every thing that is usually called a point ; even the 
point of the finest needle appears like that of a poker when examined 
with the microscope. 

2. A line is length, without breadth or thickness. What was said 
above of a point, is also applicable to the definition of a line. What 
is drawn upon a paper with a pencil or pen, is not in fact a line, but 
the representation of a line. For however fine you may make these 
representations, they will still have some breadth. But by the defi- 
nition, a line has no breadth whatever, yet it is impossible to draw 
any thing so fine as to have no breadth. A line, therefore, can only 
be imagined. The ends of a line are points. 

3. A right line is what is commonly called a straight line^ or that 
tends every where the same way. 

4. A curve is a line which continually changes its direction be- 
tween its extreme points. 

5. Parallel lines are such as always keep at the same distance 
from each other, and which, if prolonged ever so far, would never 
meet. Itg. 1. 

6. An angle is the inclination or opening of two lines meeting in a 
point. Fig. 2. 

r. The lines AB, and BC, which form the angle, are called the 
legs or sides^ and the point B where they meet, is called the vertex 
of the angle, or the angular point. An angle is sometimes expressed 
by a letter placed at the vertex, as the angle B, Fig. 2 5 but most 
commonly by three letters, observing to place in the middle the let- 
ter at the vertex, and the other two at the end of each leg, as the 
angle ABC. 
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8. When one line stands upbn another, so as not to lean more to 
one side than to another, both the angles which it makes with the 
other are called right angles^ as the angles ABC and ABD, Fig. 
3, and all right angles are equal to each other, being all equal to 
90*^; and the line AB is said to he perpendicular to CD. 

Beginners are very apt to confound the terms perpendicular^ and 
plumh or vertical line. A line is vertical when it is at right angles 
to the pkme of the horizon, or level surface of the earth, or to the 
surface of water, which is always level. The sides of a house are 
vertical* But a line may be perpendicular to another, whether it 
stands upright or inclines to the ground, or even if it lies flat upon 
it, provided only that it makes the two angles formed by meeting 
with the other line equal to each other; as for instance, if the angles 
ABC and ABD be equal, the line AB is perpendicular to CD, what- 
ever maybe its position in other respects. 

9. When one line, BEy(l^g. 3,) stands upon another, CD, so as to 
incline the angle, £BC, which is greater than a right angle, is called 
an obtuee angle ; and that which is less than a right angle, is called an 
acute angle, as the angle £BD. 

10. Two angles which have one leg in common, as the angles 
ABC, and ABE, are called contiguous angles, or adjoining angles j 
those which are produced by the crossing of two lines, as the angles 
EBD and CBF, formed by CD and EF, crossing each other, are 
called opposite or vertical angles. 

1 1. A figure is a bounded space, and is either a surface or a solid. 

12. A superficies^ or surface^ has length and breadth oply. The 
extremities of a superficies are lines. 

13. A plane^ or plane surface^ is that which is every where per- 
fectly flat and even, or which will touch every part of a straight line, 
in whatever direction it may be laid upon it. The top of a marble 
slab, for instance, is an example of this, which a straight edge will 
touch in every point, so that you cannot see light any where between. 

14. A curved surf ace is that which will not coincide with a straight 
line in any part. Curved surfaces may be either convex or concave. 

15. A convex surface is when the surface rises up in the middle, as, 
for instance, a part of the outside of a globe. 

16. A comave surface is when it sinks in the middle, or is hollow, 
and is the contrary to convex. 

A surface may be bounded either by straight lines, curved lines, or 
both these. 

17. Every surface, bounded by straight lines only, is called a 
polygon^ If the sides are equal, it is called a regular polygon. If 
they are unequal, it is called an irregular polygon. Every polygon, 
whether equal or unequal, has the same numl^r of sides as angles, 
and they are denominated sometimes according to the number of 
sides, and sometimes from the number of angles they contain. Thus 
a figure of three sides is called a triangle^ and a figure of four sides a 
quadrangle. 

A pentagon is a polygon of five sides. 
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A hea^agon has six sides. 

A heptagon seven sides. 

An octagon eight sides. 

A nonagon nine sides. 

A decagon ten sides. 

An unaecagon eleven sides. 

A duodecagon twelve sides. 

When they have a greater number of sides, it is usual tacall them 
polygons of 13 sides, of 14 sides, and so on. 

Triangles are of different kinds, according to the lengths of their 
sides. 

18. An equilateral triangle has all its sides equal, as ABC, Fig, 4. 

19. An isosceles triangle has two equal sides, as DEF, Mg. 5. 

20. A scalene triangle has all its sides unequal, as GHI, Fig. 6. 
Triangles are also denominated according to the angles they contain. 

21. A right-angled triangle is one that has in it a right angle, as 
ABC, Fig. 7. 

22. A triangle cannot have more than one right-angle. The side 
opposite to the right-angle B, as AC, is called the hypothenuse, and 
is always the longest side. 

23. An obtuse-angled triangle has one obtuse-angle, as Fig. 8. 

24. An acute-angled triangle has all its angles acute, as Fig. 4. 

25. An isosceles, or a scalene triangle, may be either right-angled, 
obtuse, or acute. 

26. Any side of a triangle is said to subtend the angle opposite to 
it: thus AB, {Fig, 7,) subtends the angle ACB. 

27. If the side of a triangle be drawn out beyond the figure, as AD, 
{Fig» 8,) the angle A, or CAB, is called an internal angle, and the 
angle CAD, or that without the figure, an external angle. 

28. A quadrangle is also called a quadrilateral figure. They are 
of various denominations, as their sides are equal or unequal, or as 
all their angles are right-angfcs or not. 

29. Every four-sided figure whose opposite sides are parallel, 
is called 9l parallelogram. Provided that the sides opposite to each 
other be parallel, it is immaterial whether the angles are right ori^ot. 
Fig. 9, 10, 11, and 12, are all parallelograms. 

30. When the angles of a parallelogram are all right-angles, it is 
called a rectangular parallelogram or a rectangle, as Fig. 11 and 12. 

31. A rectangle may have all its sides equal, or only the opposite 
sides equal. When all its sides are equal, it is called 2l square, as 
Fig. 12. 

32. When the opposite sides are parallel, and all the sides equal 
to each other, but the angles not right angles, the parallelogram is 
called a rhornbus, as /5g*. 10. 

33. A parallelogram having all its angles oblique, and only its 
opposite equal, is called a rhomboid, as Fig. 9. 

34. When a quadrilateral or four-sided figure has none of its sides- 
parallel, it is called z trapezium, as Fig. 13 j consequently every 

Vol. II.— 2 F 
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qtttdrangle, or quadrilateral which is not a parallelogram, is a tra- 
pezium. 

35. A trapezoid has only one pair of its sides parallel^ as Mg. 14. 

36. A diagonal is a right line drawn between any two angles that 
are opposite in a polygon, as IK, Fig. 15. In parallelograms the 
diagonal is sometimes called the cftome/er, because it passes through 
the centre of the figure. 

37. Complements of a parallelogram. If any point, as £, {Fig. 
15,) be taken in the diagonal of a parallelogram, and through that 
pbint two lines are drawn parallel to the sides, as AB, CD, it will 
be dirided into four parallelograms, DD, L, F, GG. The two divi- 
iions, L, F, through which the diameter does not pass, are called 
the complemei^ts. 

38. Bcue of a figure is the side on which it is supposed to stand 
erect, as AB, and CD, Fig. 16. 

39. JlUitude of a figure is its perpendicular height from the base to 
the highest part, as EF, Fig. 16. 

40. ^rea of a plane figure, or other surface, means the quantity of 
apace contained within its boundaries, expressed in square feet,yards^ 
or any other superficial measure. 

41. Similar Jigurea are such as have the same angles, amd whose 
sides are in the same proportion, as Fig. 17. / 

43. Ffwd figures are such as have the same area or contents. 

43. A circle is a plane figure, bounded by a curve line retoming 
iftto itself, called its drcmnference^ ABCD, {Fig. 18,) every where 
equally distant from a point £ within the circle, which is called the 
cetUre* 

44. The radius of a circle is a straight line drawn from the centre 
to the circumference, as £F, {Fig. 18.) The radius is the opening 
•f the compass when a circle is described; and consequently all the 
radii <^ a circle must be equal to each other. 

45. A diameter of a circle is a straight line drawn from one side 
of the circumference to the other through the centre, as CB, {Fig. 
18.) Every diameter divides the circle into two equal ]parts. 

46. A segment of a circle is a part of a circle cut off by a straight 
line drawn across it. This straight line is called the chori. A seg^ 
ment may be either equal to, greater, or less than a semicircle^ 
which is a segment formedhy the diameter of the circle, as C£B, and 
is equal to half the circle. 

47* A tangent is a straight line, drawn so as just to touch a circle 
without cutting it, as GH, {Fig. 1 8.) The point A, where it touches 
the circle,'» called ihQ point of contact. And a tapgest cannot touch 
a circle in more points thim one. 

48. A sector of a circle is a space comprehended between two radii 
. and an arc, as BIK, {Fig. 19.) 

49. The circumference of ever^F circle, whether great or small, is 
supposed to be divided into 360 equal parts, called degress; and 
every degree i&^ 60 parts, called mkmtesi and every minute uits. 
60 seconds. To measure the inclination of lines to each odier, or 
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anl^lesy a circle Is described round the angular point, as a c^tre^ as 
IK, Figi 19$ and according to the number of degrees, minutes, and 
seconds, cut off by the sides of the angle, so many degrees, minutes, 
and seconds, it is said to contain. Degrees are marked by ^, ttiinutes 
by ', and seconds hy "$ thus an angle oi 48 degrees, 15 minutes^ and 
7 seconds, is written in this manner, 48^ 15' 7". 

50. A solid is any body that has length, breadth, and thicknest: 
A book, for instance, is solid, so is a sheet of papery for though its 
thickness is very small, yet it has some thickness. The boundaries 
6f a solid are autfaees, 

51. Similar solids are such as are bou;ided by an equal number of 
similar planes. 

52. A prism is a solid, of which the sides are parallelograms, and 
the two ends or bases are similar polygons, parallel to each other. 
Prisms are denominated according to the number of angles in the 
base, triangular prisms, quadrangjular^ heptanguktr^ and so on, as 
Fig. 20, 21, 22, 23. If the sides are perpendicular to the plane of 
the base, it is called an tiprigkt prism; if they are inclined, it is 
called an oblique prism. 

53. When the base of a prism is a parallelogram, it is called a 
parallehpipedenf as Fig. 22 and 23. Hence, a parallelopipedon is a 
solid, terminated by six parallelograms. 

54. When all the sides of a parallelopipedon are squares, the soUd 
is called a eti&e, as Mg. 23. 

55. A rhomboid is an oblique prism, whose bases are parallelo- 
grams. {J^g- 24.) 

56. A pyramid AB, {Fig. 25 and 26,) is a solid, bounded by, or 
Gomtained within, a number of planes, whose base may be any poly- 
gon, and whose faces are triangles terminated in one point, B, com- 
monly called the summit, or vertex of the pyramid. 

57. When the figure of the base is a triangle, it is called a trua> 
gular pyramid ; when the figure of the base is a quadrilateral, it is 
called a quadrilateral pyranml, &c. 

58. A pyramid is either regular or irregular^ according as the base 
vi regular or irregular. 

59* A pyramid is also right or upright^ or it is oblique. It is 
right, when a Bne drawn from the Vertex to the centre of the base 
is perpendicular to it, as I%g. f 5 1 and oblique, when this line in- 
cfines, as Fig. 26. 

60. A cylinder is a solid, {Fig. 27 and 28,) generated or formed 
by the rotation of a rectangle about one of its sides, supposed to be 
at rest J this qiiiescent side is called the axis of the cylinder. ^ Or it 
may be conceived to be generated by the motion of a circle^ in a di- 
rection perpendi9*rtfFto its surface, and always parallel^ to itself. 

61. A cylinder is either n'^A/ or oWtyiic, as the axis b perpefidi- 
cular to the base or inclined. 

$2. Ertry section of a right cylinder taken at right-angles to its 
axis, is a circle } and every section taken across the cylii^er, but 
eb&que to the axis, is an ellipsis. 
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63. A circle iting a polygon of an infinite number of sides, it fol* 
lowi, that the cylinder may be conceived as a prism, having such 
polygons for bases. 

64. A cone is a solid, (Fig, 29 and 30,) having a circle for its base, 
and its sides a convex surface, terminating in a point A, called- the 
vertex or apex of the cone. It may be conceived -to be generated by 
the revolution of a right-angled triangle about its perpendicular. 

65. A line drawn from the vertex to the centre of the base is the ' 
axis of the cone. 

66. When this line is perpendicular to the base, the cone is called 
an upright or right cone $ but when it is inclined, it is called an 
oblique cone. 

67. If it be cut through the axis, from the vertex to the base, the 
section will be a triangle. 

68.' If a right cone be cut by a plane at right^angles to the axis, 
the sectio|i will be a circle. 

69. If it be cut oblique to the axis, and quite across from one side 
to the other, the section will be an ellipsis^ as Fig. 31. A section of 
a cylinder, made in the same manner, is also an ellipsis ; and this is 
easily conceived $ but it does not appear so readily to most people^ 
that the oblique section of a cone is an ellipsis : they frequently ima- 
gine that it will be wider atone end than the other, or what is called 
an ovalf which is of the shape of an tgg. But that this is a mistake, 
any one may convince himself, by making a cone, and cutting it across 
obliquely: it will then be seen, that the section, in whatever direc- 
tion it is taken, is a regular ellipsis 5 and this is the case, whether 
the cone be right or oblique, except only in one case, in the oblique 
cone, which is, when the section is taken in a particular direction, 
which is called sub-contrary to its base. 

70. When the section is made parallel to one of the sides of the 
cone, as Fig. 32, the curve ABC, w^hich bounds the section, is called 
a parabola. 

71. When the section is taken parallel to the axis, as Fig. 33, the 
curve is called an hyperbola. 

These curves, which are formed by cutting a cone in different di- 
rections, have various properties, which are of great importance in 
astronomy, gunnery, perspective, and many other sciences. 

72. A sphere is a solid, terminated by a convex surface, ev^ry 
point of which is at an equal distance from a point within, called the 
centre^ Fig. 34. 

73. It may be conceived to be formed by making a semicircle re- 
volve round its diameter. This may be illustrated by the process of 
forming a ball of clay by the potter's wheel, a semicircular mould 
being used for the purpose. The diameter of the semicircle, round 
which it revolves, is called the axis of the sphere. 

74. The ends of the axis are called poles. 

75. Any line passing through the centre of the sphere, and termi- 
nated by the circumference, is a diameier of the sphere. 

76. Every section of a sphere is a circle 5 every section taken 
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through tlie centpe of th^ sphere, is called a greaicirck^ aaAB, fig. 
345 every other is a lesser circle^ as CD. ' 

77. ^ny portion of a sphere cut oflF by a plane, is called a seg' 
ment; and when the plane passes through the centre, it divides the 
sphere into two equal parts, each of which is called a hemisphere, 

78. A conoid is a solid, produced by the circumvolution of a sec- 
tion of the cone, about its axis, and, consequently, may be either an 
elliptical conoid^ a hyperbolical conoid, or a parabolical conoid. When 
it is elliptical, it is generally called a spheroid. These solids are 
also called ellipsoid, hyperboloid, and paraboloid. 

79. A spheroid is a solid, {Fig. 35,) generated by the rotation of 
a semi-ellipsis about the transverse or conjugate axis^ and the centre 
of the ellipsis is the centre of the spheroid. 

80. The line about which the ellipsis revolves, is called the axis. 
If the spheroid be generated about the conjugate axis of the semi- 
ellipsis, it is called ^prolaief spheroid. 

81. If the spheroid be generated by the semi-ellipsis, by revolving 
about the transverse axis, it is called an oblong spheroid. 

82. Every section of a spheroid is an ellipsis, except when it is 
perpendicular to that axis about which it is generated^ in which case 
it is a circle. 

83. AH sections of a spheroid parallel to each other, are similar 
figures. 

A frustrum of a solid, means a piece cut off from the solid, by a 
plane passed through it, usually parallel to the base of the solid, as 
^he frustrum of a cone, a pyramid, &c. 

There is a lower and an upper frustrum, according as the piece 
spoken of does or does not contain the base of the solid. 

84. A regular body is a solid, contained under a certain number 
of equal and regular plane figures of the same sort. ^ 

85. The faces of the solid are the plane figures under which it is 
contained; and the linear sides or edges of the solid, are the sides 
of the plane faces. 

86. There are only five regular bodies: — viz. 1st, the tetraedon, 
which is a regular pyramid, having four triangular faces; 2d, the 
hexaedron, or cube, which has six equal square faces; 3d, the octae- 
^ron, which has eight triangular faces; 4th, the dodecaedron, which 
has twelve pentagonal faces; 5th, the icosaedron, which has twenty 
triangular faces. 

Note. — If the figures marked A, B, C, D, E, be exactly drawn on 
pasteboard, and the lines cut half through, so that the parts be turned 
up, and glued together, they will represent the five regular bodies, 
viz.— ^ig. A, the tetraedon; B, the hexahedron; C, the octaedron; 
D, the dodecaedron; and E, the icosaedron. 

87. Batio is the proportion Which one magnitude bears to another 
of the same kind, with respect to quantity, and is usually marked 
thus A : B. 

Of these, the first is called the antecedent, and the second the con- 
sequent. 
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9B. TIm nmuure or qum^y of a ratio, is conceived by consider* 

ing what part of the consequent is the antecedent^ consequently, it 
is obtaihed by dividing the consequent by the antecedent. 

8a* Three magnitudes or quantities, A, B, C, are said to be pro* 
portionalf when the ratio of the first to the second is the same as 
that of the second to the third. Thus, 2, 4, 8, are proportional, be- 
cause 4 is contained in 8 as many times as 2 is in 4. 

90. Four quantities, A, B, C, D, are said to be proporti<Mial, 
when the ratio of the first, A, to the second, B, is the same as the 
ratio of the third, C, to the fourth, D. It is usually written^ 
A : B 2: C : D, or, if expressed in numbers, 2 : 4 :: 8 : 16. 

91. Of Mree proportional quantities, the middle one is said to be 
a mean proportional between the other two^ and the last a third pro- 
portional to the first and second* 

§2. O^four proportional quantities, the last is said to be a fourth 
proportional to the other three, taken in order. 

93. Ratio of equality is that which equal numbers bear to each 
other. 

94. Inverse ratio is when the antecedent is made the consequ^it, 
and the consequent the antecedent. Thus, if 1 : 2 : : 3 : 6; then, 
inversefyy 2 : 1 : : 6 : 3. 

95. Alternate proportion is when the antecedent is compared with 
antecedent, and consequent with consequent. Thus, if 2 : 1 :: 6 : 3; 
then, by Mernation^ 2 : 6 : : I : 3. 

96* Proportion by composition is when the antecedent and conse- 
quent, taken as one quantity, are compared either with the conse- 
quent or with the antecedent. Thus, if 2 : 1 :: 6 : 3f then, by 
con^osition^ 2 4- 1 : 1 :: 6 + 3 : 3, and 2-fl:2::6 + 3J6.^ 

97. Divided proportion is when the difference of the antecedent and 
consequent is compared either with the consequent or with the ante- 
cedent. Thus,^ if 3 : 1 :: 12 : 4; then, by division^ 3— 1 : 1 :: 12 — 
4:4, and 3-^ 1 : 3 :: 12— *4 : 12. 

98. Continued proportion is when the first is to the second as the 
seeond to the third; as the third to the fourth; as the fourth to the 
fifth; and so on. 

99. Compound ratio is formed by the multiplicatiojQ of several att- 
tecedents and the several consequents of ratios together, in the fbU 
lowittg manner: 

If A be to B as 3 to 5, B to C as 5 to 8, and C to D a& 8 to «; 

then A will be D, as 3X5X8 120 i ^^^^ is, A : D :: 1 J 2*. 
5X8X6 240 
100 Bisect^ means to divide any thing into two equal parts. 

101. Trisect, is to divide any thing iiito three equal parts. 

102. Inscribe, to draw one figure within another, so that all the 
angles of the inner figure touch either the angles, sides, or planes of 
the external figure. 

103. Circumscribe, to draw a figure round another, so that cither 
the angles, sides, or planes of the circumscribed figure touch all the 
angles of the figure within it. 
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104. Seeiangk under any two Kne^, means a rectangle whieb has 
two of its sides equal to one of the lines, and two of them eq«al to 
the other. Also, the rectangle under AB, CD, means AB X CI)^ 

105. Scales of equal parts. A scale of equal parts is only a straight 
line, divided into any number of equal parts, at pleasure. Each part 
may represent any pleasure you please, as an inch, a foot, a yard, 
tcc« One of these is generally subdivided into parts of the next deno- 
mination, or into tenths or hundredths. Scales may be constructed in 
a variety of ways. The most usual manner is, to make an inch, or 
some aliquot part of an inch, to represent a foot; and then they are 
called inch scales, three*quarter inch scales, half- inch scales, quarter- 
inch scales, &c. They are usually drawn upon ivory or box-wood. 

106. Anaxiom is a manifest truth, not requiring any demonstration, 
lor. 'Postulates are things required to be granted true, before we 

proceed to demonstrate a proposition. 

108. A proposition is when something is either prdposed to be done, 
or to be demonstrated, and is either a problem or a theorem, 

109. A problem is when something is proposed to be done, as some 
figure to be drawn. 

1 10. A theorem is when something is proposed to be demonstrated 
or proved. 

11 1. A lemma is when a premise is demonstrated, ip order to rea- 
der the thing in hand the more easy. 

112. A corollary is an inference drawn from the demonstration of 
some proposition. 

1 13. A scholium is when some remark or observation is made upon 
something mentioned before. 

114. The isign a denotes that the quantities betwixt which it 
stands are equal. 

115. The sign + denotes that the quantity after it is to be added 
to that immediately before it. 

1 16. The sign — denotes, that the quantity after it is to be taken 
away or subtracted from the quantity preceding it. 

Geometrical Problems, 

Prab. 1. To divide a given line AB into two equal parts. 

From the points A and B, as centres, and with any opening of the 
compasses greater than half AB, describe arches, cutting each other 
ia c and d. Draw the line c d; and the point E, where it cuts AB, 
will be the middle required. 

Proh. 5. To raise a perpendicular to a given line A B, from a point 
gtven at C. '^ 

Case 1. When the given point is near the middle of the line, on 
each side 6f the point C. Take any two equal distances, C d and 
C e I from d and e, with any radius or opening of the compasses 
greatc^rthan Cd or C^, describe two arcs cutting each other in f. 
Lastly, through the points f, C, draw the line f C, and it will be the 
perpendicular required. 
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Ca$e 2. When the point is at or near the end of the line. Take' 
any point d, ahove the line, and with the radius or distance d C, de- 
scribe the arc e C f, cutting AB in e and C. Through the centre d, and 
the point e, draw the line e d f, cutting the arc e C f in f. Through the 
points f C,draw the line f C, and it will be the perpendicular required. 

Prob. 3; From a given point f, let fall a perpendicular upon a 
given line AB. 

From the point f, with any radius, describe the arc d e, cutting AB 
in e and d. From the points e d, with the same or any other radius, 
describe two arcs, cutting each other in g. Through the points f 
and g, draw the line f g, andf C will be the perpendicular required* 

Frob, 4. To make an angle equal to another angle which is given^ 
as a B b. 

From the point B, with any radius, describe the arc a b, cutting 
the legs B a, B b, in the points a and b. Draw the line D e, and 
from the point D, with the same radius as before, describe the arc e f, 
cutting D e in e. Take the distance B a, and apply it to the arc e f, 
from e to f» Lastly, through the points D, f, draw the line D f, and 
the angle e D f will be equal to the angle b B a, as was required. 

Frob. 5. To divide a given angle, ABC, into two equal angles. 

From the point B, with any radius, describe the arc AC. From A 
and C, with the same, or any other radius, describe arcs cutting each 
in d. Draw the line B d, and it will bisect the angle ABC, as was 
required. 

Prob. 6. To lay down an angle of any number of degrees. 

There are various methods of doing this. One is by the use of an 
instrument called a protractor^ with a semi-circle of brass, having its 
circumference divided into degrees. Let AB be a given line, and let 
it be required to draiv from the angular point A, a line making, with 
AB, any number of degrees, suppose 20. Lay the straight side of 
the protractor along the line AB, and count 20° from the end B of 
the semicircle^ at C, which is 20° from B, mark; then, removing 
the protractor, draw the line AC, which makes, with AB, the 
angle required. Or, it may be done by a divided line, usually drawn 
upon scales, called a line of chords. Take 60° from the line of 
chords, in the compasses, and setting one at the angular point B, 
Frob. 4, with that opening as a radius, describe an arch, as a b: then 
take the number of degrees of which you intend the angle to be, and 
set it from b to a, then is a B b the angle required. 

Frob, 7. Through a given point C, to draw a Hne parallel to a 
given line AB. 

Case 1. Take any point d, in AB; upon d and C, with the distance 
C d, describe two arcs, e C, and d f, cutting the line AB in e and d. 
Make d f equal to e C; through C and f draw C f, and it will be the 
line required. 

Case 2. When the parallel is to be at a given distance from AB. 
From any two points, c and d, in the line AB, with a radius equal to 
the given distance, describe the arcs e and f : draw the line CB to 
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touch those arcs without cutting them, and it will be parallel to AB, 
as was required. 

Proh, 8. To divide a given line AB, into any proposed number of 
equal parts. 

From A, one end of the line, draw A c, making any angle with 
ABj and from B, the other end, draw B d, making the angle A B d 
equal to B A c. In each of these lines, A c, B d, beginning at A and 
B, set off as many equal parts, of any length, as AB is to be divided 
into. Join the points C 5, 46, 57 ^ and AB will be divided as re- 
quired. 

Prob, 9. To find the centre of a given circle, or of any one already 
described. Draw any chord AB, and bisect it with the perpendicu- 
lar CD. Bisect CD with the diameter EF, and the intersection O 
will be the centre required. 

Proh, 10. To draw a tangent to a given circle that shall past 
through a given point, A. 

From the centre O, draw the radius OA. Through the point A, 
draw DE perpendicular to OA, and it will be the tangent required. 

Proh. 1 1. To draw a tangent to a circle, or any segment of a circle 
ABC, through a given point B, without making use of the centre of 
the circle. 

Take any two equal divisions upon the circle, from the given point 
B, toi^ards d and e, and draw the chord e B. Upon B, as a centre, 
with the distance B d, describe the arc f d g, cutting the chord e B 
in f. Make d g equal to d f| through g draw g B, and it will be the 
tangent required. 

Proh, 12. Given three points. A, B, C, not in a straight line, to 
describe a circle that shall pass through them. 

Bisect the lines AB, BC, by the perpendiculars a b, b d, meeting 
at d. Upon d, with the distance d A, d B, or d C, describe ABC, 
and it will be the required circle. 

ProK 13. To describe the segment of a circle to any length AB, 
and height CD. 

Bisect AB by the perpendicular D g, cutting AB in c. From c 
make c D, on the perpendicular, equal to CD. Di*aw AD, and bisect 
it by a perpendicular e f, cutting D g in g. Upon g the centre, dc* 
acribe ADB, and it will be the required segment. 

Prob. 14. To describe the segment of a circle by means of two 
rules, to any kngth AB, and perpendicular height CD in the midtfit 
of AB, without making use of the centre. 

Place the rules to the height at C; bring the edges close to A and 
B; fix them together at C, and put another piece across them to 
keep them fest Put in pins at A and B, then move the rulers round 
these pins, holding a pencil at the angular point C, which will de- 
scribe the segment. 

Pf^b. 15. In any given triangle to inscribe a circle. 

Bisect any two angles A and C, with the lines AD andDB. From 
D, the point of intersection, let fall the perpendicular l^Yii it wiH be 
the radius of the circle required. 
Vol. IL— 2 G 
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IC and PD, cutting each other at K; bisect KC by a perpendicular 
meedng CD in O; and on O, with the radius OC, describe the 
quadrant CGQ. 

Through Q and A, draw QG, cutting the quadrant at G; then 
draw GO, cutting AB at M; make £L equal to EM, also EN equal 
to EO. From N, through M and L draw NH and NIj then M, L, 
Ny O, are the four centres by which the four quarters of the ellipsis 
are drawn. 

It must be observed, that this is not a true ellipsis, but only an 
approximation to it; for it is impossible to draw a perfect ellipsis by 
means of compasses, which can only describe parts of circles. But 
the curve of an ellipsis differs essentially from that of a circle in every 
part; and no portions of circles put together, can ever form am ellipsis. 
But by this means, a figure may be drawn, which approaches nearly 
to an ellipsis, and therefore may be often substituted for it when a 
trammel cannot be had, or when the ellipsis is too small to be drawn 
by it At the joining of the portions of circles in this operation, the 
defect is not perceivable; and the best way is not to join them quite, 
and to help the curve by hand. 

JProb. 29. An ellipsis, ACDB, being given, to find the transverse 
and conjugate axis. 

Draw any two parallel lines, AB and CD, cutting the ellipsis at 
the points A, B,C, D; bisect them in e and f. Through e and f, 
draw GH, cutting the ellipsis at G and H; bisect GH at I; and it 
will give the centre. 

Upon I, with any radius, describe a circle, cutting the, ellipsis in 
the four points k, I, m, n; join k, 1, and m, n; bisect k 1, or m n, at 
o or p. Through the points o, I, or I, p, draw QR, cutting the ellip- 
sis at Q and R; then QR will be the transverse axis. Through I draw 
TS, parallel to k 1, cutting the ellipsis at T and S; and TS wiH be 
the conjugate axis. 

jProb. 30. To describe an ellipsis similar to a given one ADBC, 
to any given length IK, or to a given width ML. 

Let AB and CD be the two axes of the given ellipsis. Through 
the points of contact A,D,B,C, complete the rectangle GEHF; draw 
the diagonals EF and GH: they will pass through the centre at R. 
Through I and K draw PN and OQ parallel to CD, cutting the diago- 
nals EF and GH, at P,N,Q,0. Join PO and NQ, cutting CD at L 
and M; then IK is the transverse, and ML the conjugate axis of an 
ellipsis, that will be similar to the given ellipsis ADBC, which may 
be described by some of the foregoing methods. 

Prob. 31. To describe a parabola. If a thread equal in length to 
BC, be fixt at C, the end of a square ABC, and the other end be fixt 
at F; and if the side AB of the square be moved along the line AD, 
and if the point E be always kept close to the edge BC of the square^ 
keeping the string tight, the point or pin E will describe a curve 
EGIH, called 2Lparaboku 

Tht focus of the parabola is the fixed point F, about which the 
string revolves. 
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The directrix is the line AD, which the side of the square moves 
along. 

The axis is the line LK, drawn through the focus F, perpendicular 
to the directrix. 

The vertex is the point I, where the line LK cuts the curve. 

The latus rectum^ or parameter^ is the line GH passing through 
the focus F, at right angles to the axis IK, and terminated hj the 
curve. 

The diameter is any line MN, drawn parallel to the axis IK. 

A double ordinate is a right line RS, drawn parallel to a tangent at 
M, the extreme of the diameter MN, terminated hj the curve. 

The e^9ci88a is that part of a diameter contained between the curve 
and its ordinate, as MN. 

Prob. 32. To describe a parabola^ by finding points in the curve; 
the axis AB, or any diameter being given, and a double ordinate CD. 

Through A draw £F parallel to CD ; through C and D draw DF 
and C£ parallel to AB, cutting £F at £ and F. Divide BC and BD, 
each into any number of equal parts, as four; likewise divide CE 
and DF into the same number of equal parts. Through the points 1, 
2, 3, &c. in CD, draw the lines 1 a, 2 b, 3 c, Sec. parallel to CD| also 
through the points 1, 2, 3, in C£ and DF, draw the lines I A, 2 A, 
3 A, cutting the parallel lines at the points a» b, c; then the points a, 
b, c, are in the curve of the parabola* 

Prob* 33. To describe an hyperboku 

If B and C are two fixed points, and a rule AB be made movable 
about the point B, a string ADC being tied to the other end of the 
rule, and to the point C ; and if the point A be moved round the 
centre B, towards G, the angle D of the string ADC, by keeping it 
always tight and close to the edge of the rule AB, will describe a 
curve DHG, called an hyperbola. 

If the end of the rule at B were made movable about the point 
C, the string being tied from the end of the rule A to B, and a 
curve being described after the same manner, is called an opposite 
hyperbola. 

The foci are the two points B and C, about which the rule and 
string revolves. 

The transverse axis is the line IH terminated by the two curves 
passing through the foci, if continued. 

The centre is the point M, in the middle of the transverse axis IH. 

The conjugate axis is the line NO, passing through the centre M, 
and terminated by a circle from H, whose radius is M C, at N and O. 

A diameter is any line VW, drawn through the centre M, and ter- 
minated by the opposite curves. 

Coi^gate diameter to another^ is a line drawn through the centre, 
parallel to a tangent with either of the curves, at the extreme of the 
other diameter terminated by the curves. 

Msdssa is when any diameter is continued within the curve, ter- 
minated by a double ordinate and the curve j then the part within Is 
called the abscissa. 
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Double ordinate is a line drawn through any diameter piai*anel to its 
conjugate, and terminated by the curve. 

Parameter or lotus rectum^ is a line drawn through the focus, per- 
pendicular to the transverse axis, and terminated by the curve. 

Prob, 34. To describe an hyperbola by finding points in the curve, 
having the diameter or axis AB, its abscissa BG, and the double or- 
dinate DC. 

Through G draw EF, parallel to CD| from C and D draw CE and 
DF, parallel to BG, cutting EF in E and F. Divide CD and BD, 
each into any number of equal parts, as four ^ through the points of 
division, 1, 2, 3, draw lines to A. Likewise divide EC and DF into 
the same number of equal parts, viz. four^ from the divisions on C£ 
and DF, draw lines to G5 a curve being drawn through the intersec- 
tions at G, a, b, &c. will be the hyperbola required. 

Remarks. — ^In a circle, the half chord DC, is a mean proportional 
between the segments AD, DB of the diameter AB perpendicular to 
it That is AD : DC : : DC : DB. 

^. The chord AC is a mean proportional between AD and the 
diameter AB. And the chord BC a mean proportional between DB 
and AB. 

That is, AD : AC : : AC : AB, 
and BD : BC : : BC : AB. 

3. The angle ACB, in a semicircle, is always a right. 

4. The square of the hypotenuse of a right-angled triangle, is equal 
to the squares of both the sides. 

That is, AC2 = AD^ + DCS 
and BC» « BD» + DC^, 
and AB2 = AC^ + BC»- 

5. Triangles that have all the three angles of the one respectively 
equal to all the three of the other, are called equiangular triangles, 
or similar triangles. 

6. In similar triangles, the like sides, or sides opposite the equal 
angles, are proportional. 

7. The areas, or spaces, of similar triangles, are to each other, as 
the squares of their like sides. 



MENSURATION OF SUPERFICIES. 

Prob. 1. To find the area of a parallelogram: whether it be a 
square, a rectangle, a rhombus, or a rhomboid. 

Multiply the length by the breadth, or perpendicular height, and 
the product will be the area. 

JSx. 1. To find the area of a square, whose side is six inches, or 
6 feet, &c. 
6 
6 

Ansr. 36 
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2. To find the area of a rectangle, whose length is 9, and breadth 
4 inches, or feet, &c. 

9 
4 

Ansr. 36 

3. To find the area of a rhombus, whose length is 6 chains, and 
perpendicular height 5. 

6 
5 

Ansr. 30 

Prob.^ 2. To find the Area of a Triangle. 

Rule 1. Multiply the base by the perpendicular height, and half 
the product will be the area. 

Rule 2. When the three sides only are given: Add the three sides 
together, and take half the sum ^ from the half sum subtract each 
side separately I multiply the half sum and the three remainders con- 
tinually together ; and the square root of the last product will be the 
area of the triangle. 

Ex. Required the area of the triangle whose base is six feet, and 
perpendicular height 5 feet. 

6 
5 

2) 30 (15 Ansr. 

Prob. 3. To find one Side of a right-angled Triangle, having the 
other two Sides given. 

The square of the hypotenuse is equal to both the squares of the 
two legs. Therefore, 

1. To find the hypotenuse ^ add the squares of the two legs toge- 
ther, and extract the square root of the sum. 

2. To find one leg | subtract the square of the other leg from the 
square of the hypotenuse, and extract the root of the difference. 

Ex, 1. Required the hypotenuse of a right-angled triangle, whose 
base AB is 40, and perpendicular BC 30. 
4 3 
4 3 

16 9 

9 

25 (5 the square root of the sum of the two squares, being 
25 the hypotenuse AC. 
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2. What is the perpendicular of a right-angled triangle, whose 
base AB is 56, and hypotenuse, AC 65 ? 
56 65 

56 65 

336 325 
280 390 

3136 4225 
3136 

1089 (33 The perpendicular, which is the root 
9 of the remainder of the square of the 

hypotenuse AC, when the square of 

63 I 189 AB has been subtracted. 

3 I 189 
Prvb. 4. To find the Area of a Trapezoid. 
Multiply the sum of the two parallel sides by the perpendicular 
distance between them, and half the product will be the area. 

Ex. In a trapezoid, the parallel sides are AB 7, and CD 12, and 
the perpendicular distance AP or CN is 9: required the area. 
7 
12 

19 
9 

171 

BSi the area. 
Prob. To find the Area of a Trapezium. 

Case for any trapezium. — Divide it into two triangles by a diago* 
nal ; then find the areas of these triangles, and add them togetker. 
Note. If two perpendiculars be let fall on the diagonal, from the 
other two opposite angles, the sum of these perpeaodicidars being 
multiplied by the diagonal, half the product will be the area of the 
trapezium. 

jfca?. To find the area of the trapezium ABCD^ the diagond AC 
being 42 , the perpendicular BF 18 , and the perpendicular D£ 16. 
18 
16 

34 
4i 

68 
136 



2 ) 1428 

714 the answer. 
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Prcb. 6. To find the Area of an IrreguUr Polygon. 
Draw diagonals dividing tbe figure into trapeziums and triangles. 
Then find the areas of all these separately, and their sum will be the 
content of the whole irregular figure. 

Ex* To find the content of the irregular figure ABCDEF^ m which 
are given the following diagonals and perpendiculars: namely, 
c.a=s 10 
d;f« 6 



For trapez. c f a b 
n.b. 4 
Bi.f. 8 







c.i» 


4 






k.e« 


2 






m-f- 


3 






n.b« 


4 


For 


trapez. d c 


fe. 




ci. 


4 






ke. 


2 
6 






df. 


6 
2)36 








18 contents. 



V T 

c.a. 10 

2)ro 

35 contents. 

18 contents d. c. f e 
35 — c. f. ab 

53 contents of the irregular 
— polygon. 

Proh. r. To find the Area of a Regular Polygon. 

RuU. Multiply the perimeter of the figure, or sum of its sides, by 
the perpendicular falling from its centre upon one of its sides, and 
half the product will be the area. 

Prob. 8. In a Circular Arc, having any two of the following lines, 
viz. the chord AB, the versed sine DP, the chord of half the arc AD, 
and the diameter, or the radius AC or CD given to find the others. 

If any two of these lines be given, two sides of one of the right- 
angled triangles, APC or APD, will be known, and from them the 
remaining side, and other lines in the arc, may be found by Prob. 3. 

Suppose AB and PD be given, then, by Prob. 3, the half of AB, 
or AP is a mean proportional between DP and PC + CD| for PC + 
CD + PD is the diameter of the circle, half of which is the radius or 
CA, and by Prob. 3, AC* — AP* « CP*, and AP* + PD« « AD*. 

Suppose CD and A B be given, then half of AB =* AP, and 
C D « AC ; therefore V CD* -— AP* = CP, and CD — CP = PD. 
V PD* + AP* AD. 

Prob. 9. To find the diameter and Circumference of a Circle, the 
oiie from the other. 

Rule 1. As 7 is to 22, so is the diameter to the circumference. 
As 22 is to 7, so is the circumference to the diameter. 
Vol. II.— 2 H 
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Bute 2. As 1 rs is to 355, so U the diameter to tbe ci?c«nnfer«iice« 
As 355 is to 1 13, so is the circuiDferetice to the diameter. 

Rule S. As 1 is to 3. 1416, so is the diam^er to the circuoif^enpe. 
As 3« 1416 is to 1, so is the eiriumfidrence to the diameter. 
1. To find the circumferente of & circle^ whose dUnteterAB 



is 10. 



By Rule l. 
r :22 : : 10 : 31.42857 
10 

7) 220 
31? 
or 31. 42857 ans. 



By Side 2. 

113:355 :: 10 : 31iVs 
10 

113) 3550(31.41593 
— the ans. 
160 



By Stiles. 
1 : 3.1416 :: 10: 31.416 
the circuTB^erence nearly, 
the true circumference 
being 
31.4159265358979, &C. 



So that the 2d rule is 
nearest the truth. 



. 470 
180 
.670 
1050 
330. 
2. T# find the diameter when the circumference is lOO, 

By Rule 1. 

22 : 7 : : 50 :IiL?i'" HI-- 15}? — 15.9090 ans. 
11 = 11 *^ 



■'•ij^^^ ■ 
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3M 



Sp Ruk 3. 

355 5 113:: 50: 15?{ 
SO 

355 j 5650 

71 I 1130XieL9i55 

420 

' 650 

iia * . 

390 



By Mule 3. 
3.1416: l::50: 15.9156 
50 



3.1416)50*000(15.9156 



.) 18584 

or II 

2876 
49 



3^0 

Prob. 10, To find the Length of any Arc of a Circle. 
Euie 1. As 180 is to the number of degrees in the arc, 
So is 3. 1416 times the radius, to its length. 
Or as 3 is to the number of degrees in the arc, 
So is .05236 times the radius, to its length. 
Ex. 1. To find the kngth of an arc ADB, (Prob. 8,) of 30 degrees, 
the radius being 9 feet 

3.1416 
9 

As 180:30 

Or6: 1 :: 382744:4.7124 
Or 3 : 30 : : ;05236 X 9 : 4.7124 
• 90 

4.7124 the answer. 



Buk 2. From 8 time% the chord of half the arc subtract the chord 
of the whole arC, And i of the remainder will be the length of the arc 
nearly. 

Ex. 2. The chord AB, (/Vo6. 8,) of the whole arc being 4.65874, 
and the chord AD of the half arc ^.34947; required the length of 
the^c 

2.34947 
8 



18.79576 
4.65874 

3) 14.13702 



4*71234 answc^^ 
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Prob. 1 1 . To find the Area of a Circle^ the diameter or circmmference 
being given. 

Rule 1. Multiply half the c^rcamference by half the diameter. Or 
take 7 of the product of the whole circumference and diameter. 

Bule 2. Multiply the square of the diameter by .7854. 

JRuh 3. Multiply the square of the circumference by .07958. 

BtUe 4. As 14 is to 1 1, so is the square of the diameter to the area. 

Bule 5. As 88 is to 7, so is the square of the cireunrfereBoe to 
the area. 

Hx. To find the area of a circle whose diameter is 10^ and circumfe- 
rence 314. 159365* 



By Buk I. 


By Bule 2 


31.41592ft« 




10 


.7854 
100 


4)314.159365 


area 78.539816 


area 78.54 



14 



By Buk 4. 
U :: 100 

11 area 



'*r 



100 
98 

120 
113 



78.57 



80 
70 

100 
98 



By Buk 3. 

sq. circ. 986.96044 
inrert 85970 



6908723 

888264 

49348 

7896 



By B%ae 5. 
31.4159265 circum. 
562951413 invert. 



78.54231 area. 



88: 7; 

8 
U 



94247779 

3141593 

1256637 

31416 

15708 

2827 

63 

19 

2 

: 986.96044 
7 

6908.72308 

863.59038 

76.50821 
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Pfob. IS, : To find the Area of the Sector of a Circle- 

Rule 1. Multiply the radius, or half the diameter, by half the arc 
of the sector, for the area. Or take | of the product of the diame- 
ter and arc of the sector. 

Note. The arc may be found by probletn 10. 

Rvle 3- As 360 is to the degrees in the arc of the sector, so is the 
whole area of the circle, to the area of the sector. 

Ex. What is the area of the sector CAB, the radius being 10, and 
the chord AB 16. * 

100 =s AC* 

64 = AE* 



36 (6 * CE 
10 =CD 




4»DE 




16 = DE* 
64«AE« 




80 (8.9442719 
8 


=s AD. 


71.5541752 
16 




3)55.5541752 




2) 18.5180584 arc ADB 


9.2590297 = 
10=- 


half arc 
radius 


92.590297 answer. 



Proh, 13. To find the Area of a Segment of a Circle, 

Rule. Find the area of the sector having the same arc with the 
segment, by the last problem. 

Find the area of the triangle, formed by the chord of the segment 
and the two radii of the sector. 

Then the sum of these two will be the answer when the segment 
is greater than a semicircle: but the difiTerence will be the answer 
when it is less than a semicircle. 
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Ex. Required the area 6f the siegmeftt ACBD^ ite ch^rd AB be- 
ing Id, and the radios EA dr CK 10. 



100 AE« 


-»,. 


36 AD« 




64DE» '^^^' 


' . : f 


its root 8 DE 




from 10 GE 




2 CD 




4 CD^ 




36AD» 




40 chord AC* 


6 AD 




8 DE 


its root 6.324555 chord AC 


->«» 


8 


48 area c 


50.596440 




12. 




3)38.59644 




2)12.86548 arc ACE 




^ 6.43274 i arc 




10 radius 




64.3274 area of sect. EACH 




48.0000 area of triangle EAB 




ans. 16. 3274 area of segm. ACBA 





Prob. 14. To find the Area of a Cii^cular Zone ADCBA. 

Rule. 1. Find the areas of the two segments AEB, DEC, and their 
difference will be the zone ADCB. 

Ruk 2. To the mi^ea 6f Che trapezoid DQP add the area of the 
small segment ADR| and double the sum for the area of the zone 
ADCB. 

Preb. 15. To find the Acea of a circular Ring, or Space inoluded 
between two Concentric Circles. 

The difference between the two circles will be the ring. Or, multi- 
ply the sum of the diameters by their difference, and multiply the 
produetby .7854 for the answer. 

Ex. The diameters of die two concentric circles being AB lO 
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and DG 6^ required fbe ai^eaofthe rin^ contained betlf^n tlieir 
circumferences AEBA, and BFGD. 



10 
6 


.7854 
64 


sum. 16 
dif. 4 


31416 
47124 


64 


50.2656 Ansr 



Proh. 16. To measure long Irregular Figures. 

Take the breadth in several places at equal distances. Add all the 
breadths together, and divide the sum by the number of them, for 
the mean breadth^ which multiply by the length for the area. 

Ex. The breadths of an irregular figure, at five equi-distant places 
being AD 8.1, mP 7.4, nq 9.2, or 10:1, BC 8.6; and the length AB 
39; required the area. 

8.1 
7.4 
9.2 
10.1 
8.6 

5) 43.4 

8.68 
39 

7812 
2604 

338.52 Ansr. 



MENSURATION OF SOLIDS. 

Prob. 1. To find the solidity of a Cube. 

Cube one of its sides for the contents; that is, multiply the side 
by itself, and that product by the side again. 
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Ex* If the side of a cube be 34iiichesyWhat isits solidity or contents? 

24 
24 



2304 
1152 



Proh. 2. To find the solidity of a Parallelopipedon. 
Multiply the length by the breadth, and the products by the depth 
or altitude. 

Ex» Required the contents of the parallelopipedon whose length 
AB is 6, its breadth AC 2, and altitude BD 3. 
6 
2 

12 
3 

36 Ansr. 

Proh. 3. To find the Solidity of any Prism. 

Multiply the area of the base, or end, by the height, and it will 
give the contents. 

Which rule will do, whether the prism be triangular or square, or 
pentagonal, Sec. or round, as a cylinder. 

Ex. What is the content of a triangular prism, whose length is 12, 
and each side of its equilateral base 8 ? 

Area of base 28 X 12 » 336 contents. 

Proh. 4. To find the Convex Surface of a Cylinder. 

Multiply the circumference by the height of the cylinder. 

Proh. 5. To find the Convex Surface of a Right Cone. 

Multiply the circumference of the base by the slant height, or 
length of the side, and half the product will be the surface. 

Ex. If the diameter of the base be 5 feet, and the side of the cone 
18, required the convex surface. 
3.1416 



15.7080 circumf. 
18 



125664 
15708 



2) 282.744 
141.372 Ansr. 
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Prob. 6. To find the Convex surface of the Frastum of a Right Cone* 
Multiply the sura of the penmcters of the two ends by the slant 

height or side of the frustum, and half the product will be the surface. 
Ex. If the circumferences of the two ends be 15.5 and 10. 3, and the 

slant height 1 4, required the convex surface of the frustum. 
12.5 

, 10. a 

32.8 
14 

912 
228 

2)319.2 

159.6 Ansr* 
Prob. r. To find the Solidity of a Cone, or any Pyramid. 
Multiply the area of the base by the perpendicular height of 
the area, and one-third of the product will be the contents. 
Prob 8. To find the Solidityof any Frustum of a Gone or Pyramid. 
Btde. Add together the area of the bale, the area of the upper sur-r 
face, and the mean proportional between those ureas; take one-third of 
this sum for the mean area, which multiplied by the height will give 
the contents. — Or, for a conte, take the square of each diatrieter of the 
base and upper surface, and the product of these two diameters mul- 
tiplied together^ add these three sums together, and multiply by 
.2618 for the mean area, which multiply as before. 

Or, if the circumferences be used in like manner, instead of their 
diameters, the multiplier will be .02654. 

Ex. What is the contettt of the frustukn of n cone, whose height 
is 20 inches, and the diameters of its two>endB ^ and 20 inches ? 
Area of base 615»f9 '28 t8 20 

Area of upper surfaofe 314.16 26 20 20 

Mean propoftioiial 439*84 



224 560 400 



3) 1S69.79 56 



456.59 784 

20 ! r 1744 

2618 



9131.80 



Vol. IL~3 I 



13952 

1744 
10464 
3488 

456.5792 
20 

^ 9131.5840 Ansr. 
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Prob. 9. To find the Solidity of a Wedge. 

To the length of the edge add twice the length of thehnck or base, 
and reserve the sumf multiply the height of the W4Mlge^by the breadth 
of the base; then multiply this product by the reserved sum, and one- 
sixth of the last product will be the contents. 

Ex. What is the contents of a wedge, whose altitude AP is 
U inches; its edge AB 21 inches, and the length of its base DE 32 
inches, and its breadth CD Ai inches ? 
21 U 

32 4^ 

32 — 

' — 56 

85 r 

63 
85 

315 

504 

6 I 5355 

I 892.5 Ansr. 

Prob.,^ 10. To find the Solidity of a Prismoid. 

Definition. — ^A priBmoid differs only from the frustum of a pyramid, 
in not having its opposite ends similar planes. 

Rule. Add into one sum, the areas of the two ends and four times 
the middle section parallel to them, and one-sixth of that sum will 
be a mean area,* and being multiplied by the height, will give the 
contents. 

i^o^6.~The length of the middle section is equal, to half the sum 
of the lengths of the two ends,- andr its breadth is equal to half the 
sum of the breadths of the two ends. 

Ex. What are the contents of a,- prismoid whose ends are rec- 
tangles, the length and breadth of the one, being 14 and 12^ and the 
corresponding sides of the other 6 and 4, the perpendicular height 
bemg30i? ,., 

14 10 6 . 

12 8 - . .4 1 / 

168 80 24 , 

320 

168 

24 

6)512 
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. 85j mean area. 
3O5 height 

2560 

2602.6 Ansr. • 
Prob. 11. To find the Convex surface of 'a Sphere or Globe, 
Multiply its diameter by its circumference. - 

Note. — In like manner the convex surface of any zone or segment 
isfoundy by multiplying its height by the whole circumference of the 
sphere. 

Ex, Required the convex superficies of a globe, whose diameter 
or axis is 24. 

3.1416 

24 diam. 



125664 
62832 



75.3984 circumf. 

24 



3015936 
1507968 



1809.5616 Ansr. 



Prob. 12. To find the Solidity of a Sphere or Globe. 

Multiply the cube of the axis by .5236. 

Ex. What is the solidity of the sphere, whose axis is 12 ? 

12 
12 

144 
12 

1728 
.5236 



10368 
5184 
3456 
8640 



904.7808 Ansr, 
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Frob. IS. To find the Solidity of a Spheric^ Segment. 
To 3 times the square of the radius of its base add the square of 
its height; then multiply the sum by the height, and the product 
again by .5236. , 

Ex. Required the contents of a spherical segment, its height AB 
being 4, and the radius of its base CD 8. 

8 4 .5236 

^ 4 ,8S2 



64 


16 


10472 


3 

92 


192 
208 


15708 
41888 



4 435.6352 Ansr. 

832 

Prob. 14. To find the Solidity of a Spherical Zone or Frustum. 
Add together the square of the radius of each end and i of the 
square of their distance, or the height; then nudtiply the sum by 
the said height, and the product again by 1.5708. 

Ex. What is the solid contents of a zone, whose greater diameter 
is 12, the less 8| and the height 10 inches? 

6 4 10 

6 4 10 

S6 16 3)100 

~ 36 

33i 33| 

85i 
1.5708 



78540 
12S664 
5236 

134.0416 
10 



1340.416 Ansr. 

Prob. 15. To find the Surface of a Circular Spindle. 

Multiply the length AB of the spindle by the radius OC of the 
involving arc Multiply also the said arc ACB by the central dis- 
tance OE, or distance between the centre of the spindle and centre 
of the revolving arc. Subtract the latter product from the former, 
and multiply the remainder by 6.2832, for the surface. 

Note. The same rule will serve for any segment or zone cut off 
perpendicular to the chord of the revolving arc, only using the par- 
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ticttlar length df the part^ and the piurt dT the arc which descrities 
it, instead of the whole length and whole arc« 

Ex. Required the surface of a circular spindle, whose length AB 
is 40, and its thickness CD 30 inches. 

Here, by the remarks at pa. 254 . 

The chord AC « v^Te^ + CE^ = v^ 20« + 15« «= 25, 
and 2 CE : AC : : AC : CO 



852 
315- 



20f, 



5f. 



hence OE « OC — CE = 20f — 15 

Also, by problem 10, rule 2, pa. 259 

25 AC 
8 



200 
40 AB 

3) 160 

S3i arc ACB 

Then, by our rule, 

53^ 
5f 



2661 



833i 

31 4 



311^ 



522|or 522. 2 or 
6.2832 



4700 



10444 

156666 

4177777 

10444444 

313333333 

3281.22666 



Or thus, 
6.2832 
4700 

439824 
251328 

9) 29531.04 

3281.226 ans. nearly. 



Prob. 16. To find the Solidity of a Circular Spindle. 

Multiply the central distance OE by half the area of the revolving 
segment ACBEA. Subtract the product from j of the cube of EA, 
half the length of the spindle. Then multiply the remainder by 
12.5664, or 4 times 3.1416, for the whole contents. 
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Ex. Required the contents of the circular spindle, whose length 
AB is 40, and middle diameter CD 30. 



By the work of the last problem, 



we have OE =» 6| 
and ai^c AC = 263 
and rad. OC = 20J 



20 half length 
20 



533| 
22| 



Sector OACB 



3) 8000 



^9 
AE X OE =« OAB 116^ 



555* 
3 



2666§ 



2) 438g 



i seg. ACE 
OE 



219J 
5* 



1097| 
183 nearly 

12801 



or 1386.44 

4665.21 mult, inver. 



138644 

27739 

6932 

832 

83 

5 



17423.5 Ansr. 



Prob. 17. To find the Solidity of the Middle Frustum or Zone of 
a Circular Spindle. 

From the square of half the length of the whole spindle, take ^ of 
the square of half the length of the middle frustum, and multiply 
the remainder by the said half length of the frustum.— — ^Multiply 
the central distance by the revolving area, which generates the mid- 
dle ft*ustum. Subtract this latter product from the former 5 and the 
remainder multiplied by 6.2832, or twice 3.1416, will give the con- 
tents. 

Ex. Required the solidity of the frustum, whose length m n is 
40 inches, also its greatest diameter EF is 32, and least diameter AD 
or BC 24. 



Draw DG parallel to m n, then we 
have DG = 5m n =« 20, 
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and EG = |EF — UD = 4, 
chord DE2 = DG2 + GE^ =s 416, 

and DE* -5- EG = lH ^ 104 the diameter of the generat- 

^ ing circle, 

or the radius OE = 52, 

hence OI = 52 — 16 = 36 the central distance, 

and nV = OH2 — OI« = 52^ — 36^ = 1408, 

i DG2 = ^ of 400 = .. .. 133|, 



DO 



12741 



20 



25493^ 



1st prod. 



GE-5-2 0E=-_.=-2 = .03846 a ver. sine 
104 26 



Its tab. segment 
but 104* is 


, .00994 
10816 


area of seg. DECGD 
mD X mn = 12 X 40 


107.51104 
480. 


gener, area m DEC u 
OI 


.587.51104 
36 




21150.39744 2d product 
25493.33333 1st product 




4342.93589 

2382.6 mult in V. 




260576 

8686 

3474 

130 

9 




27287.5 Ansn 



Frob. 18. 



To find the Superficies or Solidity of any Regular Body. 

1. Multiphr the tabular area, (taken from the following table,) by 
the square of the linear edge of the body for the superficies. 

2. Multiply the tabular solidity by the cube of the linear edge, for 
the soJid contents. 
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Surfaces and Solidities of Regular Bodies. 


No. of 
Sides. 


Names. 


Surfaces. 


Solidities. 


4 

is 

8 
12 
20 


Tetraedron 

Hexaedron 

Octaedron 

Dodecaedron 

Icosaedron 


1.73205 
6.00000 
3.46410 
20.64573 
8.66025 


0.11785 
1.00000 
0.47140 
7.66312 
2.18169 



Ex, If the linear edge or side of a tetraedron be 3, required its 
surface and solidity. 

The square of 3 is 9, and the cube 27. Then, 
tab. sur. 1.73205 0.11785 tab. sol. 

9 27 



superf. 15.58845 



82495 
23570 



solidity 3.18195 
Ptob. 19. To find the Surface of a Cylindrical Ring. 
This figure being only a cylinder bent round into a ring, its surface 
and solidity may be found as in the cylinder, namely, by multiplying 
the axis, or length of the cylinder, by the circumference of the ring 
or section, for the surface 5 and by the area of a section, for the soli- 
dity. Or use the following rules : 

For the surface. To the thickness of the ring add the inner dia- 
meter 5 multiply this sum by the thickness, and the product again by 
9.8696, or the square of 3.1416. 

Ex. Required the superficies of a ring, whose thickness AB is 2 
inches, and vnner diameter BC is 12 inches. 
12 9.8696 

2 28 



14 
2 



789568 
197392 



'28 276.3488 Ansr. 

Prob. 20. To find the Solidity of a Cylindrical Ring. 
To the thickness of the ring add th'e inner diameter } then multiply 
the sum by the square of the thickness, and the product again by 
2.4674, or i of the square of 3.14l«, for the solidity. 

Ex. Required the solidity of the ring whose thickness is % inches, 
and its inner diameter 12. 

12 2.4674 

2 56 



14 


148044 


4 


123370 


56 


138.1744 Ansr 



USEFUL RECEIPTS. 



Compounds ofMetah. 
Fusible metal. — No. l. 

4 oz. of bismuth, 
2i oz. of lead, and 
\i oz. of tin. 

Put the bismuth imo a crucible, and, vhen it is melted, add the 
lead and tin. This will form an alloy fusible at the temperatui^ of 
boiling water. 

No. g* 1 oz. of zinc, 

1 oz. of bismuth^ and -- ^ 

1 o2. of lead. 

This alloy is so very fuiible, that it will remain in a state of fusion if 
put on a skeet of paper and hdd over the flame of a candle or lamp. 
No. $.-*— 3 parts of lead, , 

2 parts of tin, and 

5 parts of bismuth, 

win form an alloy fusible at 197^ Fahrenheit, peculiarly applicable 
to casting, or the takii^ of impressions from gems, seals, &c. In 
mttking casts wi:th this and similar alloys, it is n^essary to use the 
naetal at as low a temperature as possible; otherwise, the water ad- 
hering to the things from which the casts are to be taken, formal 
vapour, and produces babbles. The fused metal shpuld be poured 
into a tea-eup, and allowed to cool, till just ready to set at the edges, 
when it must be poured into the mould. In taking impressions from 
gems, seals, &c. the fused alloy should be placed on paper or paste- 
board, and stirred about till it has, b^ cooling, attained the consis- 
tence of paste, at which moment the die, gem, or ^eal should be 
stamped on it, and a very sharp impression will then be obtained. 
.So/Afne/af is amixtureof . « v 

4i oz. of zinc, with 
1 lb. of brass. 
Brass is composed of 

. ^ 4| lb. of copper, and 
li lb. of zinc. 
But brass that is to be cast into plates, from which pans and kettles 
are to be made, and wire is to be drawn, must, instead of using the 
zinc in a pure state, be composed of 

56 lb. of the finest calamine, or ore of zinc, and 
34 lb. of copper. 
Vol. II.— 2 K 
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Old brass, whichhas been frequently exposed to the action of fire, 
when mixed with the copper and calamine, renders the brass far more 
ductile and fitter for the making of fine wipe, than it would be with- 
out it; but the Gtrman brass, particularly that of Nuremburgh, is, 
when drawn into wire, said to be far preferable to any made in Eng- 
land, for the strings of musical Instruments* 

Pmc^&ccfc,^ No. 1. 

5 oz. of pure copper, and 

1 o2. of sine. 

The zinc muat not be added till the copper is in a state of fusion. 
Some use only half this quantity of zinc, in which proportion the 
alloy is mo«e easily woriced, especially ia the making of jewellery. 
No. 2.— — 1 oz. of brass, ^ 

2 oz. of copper, 

Jf ^sed tog^hy^if, under a coat of charcoal dust. 

' , Pri^c^'Sifrntal. No. 1. 

3 oz. of ©opper, and 

1 oz. of zinc .. 

Or, 8 oz. of brass,^ and 

1 oz. of zinc. 

. No. 2, 4 oz. of copper, and ^ '^ 

'. I / 2oz. of zinc. . , ^ 

In this last the copper must be fused before the zinc Is addedt 
When they have combined, a very beautiful and Useful alloy is 
formed, called Prii^ce Rupert's Metal. 

B(U metal. — No. 1. . 
'^ 6 parts of copper, and * " 

'' ' 2 pat^ts of tin. " ^ ' *►* '^ J 

These pi^portions are tlie most approved, for Bells, rhr^oghoutXa- 
ibpe and in China. In the union*of;the t\ro iAttUp thecmnbinftttM 
W*sb coTtoplete, that the specific gravity of the allby is ^atcr tkaii 
^hit of the two metals in an uncombined state. - - 

* , No. ± 10 parts of copper, and .< ^ 

2 parts of tin. ^ '" ' 
it tnay, in general, be obsarved, that a less proporUon of tin is 

used for making church-bells than clock-beHs| and that a littlfe ziiic 
is added for the beUs of repeating watches, ^nd other small belli. 
Tiitania, or hrxtanrm metal. — No. I. * . . 

4 o2^ of plate brass, and 

4 oz. of tin 5 wheA iti fusion, add ^ 

4 oz. of bismuth, and -^ 

* 4 oz. of regttlus of antimony. 

This is the composition, or hardening, that is to be added, at dis- 
cretion, to melted tin, until it has acquired the requisite degree of 
colour and hardness. , ' , * ^ 

No. 2 — ^M elt together, 9i lb. of plate brass, * * 

2 lb. of tin. 
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2 H>. of bismuth^ ^ 
2 lb. reguljus of antimdny, 

2 lb. of a mbsLtuiie of copper and arsenic, either by 
'cemtntation or mehing.i 
This composition is to be added,^ at discretion, to melted tin. 
No. S j ■ ' I lb. of copper, 

1 lb. of tin, and ' 

2 lb. ofregulus of antin^pny, with or witljiout a 

little bismuth* 

No. 4. — "8 oz* of shrulF brass, - 

2 lb. regulus of ftntimony, and 
10 lb. of ti^. 
demum tuUma. 

2 draehms of copper, \ 

1 OK regulus of antimony, and 
13 oz. of tin. ^ . 

SparUsh ftifamo.—- No. 1. 

8 d2. of scrap iron and steel, 
1 Ih. of antimony, and 
3 oz. of nitre. 
ThQ Iron or steel must be heated to a white heat, and the anti 
mony aiiid nitre must be added in smull pprtiqns. Melt and harden 
1 lb. of t^n with 2 oz. of this compound- 
No. 2.—- Melt together, 4 <». of antimony, 

1 oz. of arsenic, and 

2 lb. of tin. 

The first of theses Spanish alloys would be a beautiful metal if arsenic 
wwe added. 

Enge^fQ0m tttfunia. 

4 parts copper, 

8 parts regulus of antimony, and 

1 part l^Bmuth, 
When Added to 100 parts of tin, this compound will be ready for use. 

Queen's metal^^^Nb. 1. 

4^ lb. of tin, 
ilb. bismuth, 
*4 lb. antimony, and 
I lb. lead. 
This alloy is usied for the making of tea-pots and other vesseljs, 
wh|ch are required to iinitate silver. " Jft retains its lustre to the last. 
No. ?.— 100 lb. of tin, ,,. 

8 lb.' regulus of antimony, 
1 lb. bismuth, and 
4 lb. copper. 
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White me/o/.— No. 1. 

10 oz of lead, 
6 oz. of bismuth, and 
4 drachms regulus of antimony. 
No. 2.-2 lb. of regulus of antimony, 
8 oz. of brass, and 
10 oz. of tin. 
Common hard tvhite m/UaL 

I lb of brass, 

II oz. of zinc, and 
i oz. of tin. 

Tombac. 1 6 lb. of copper, 

! lb of tin, and 
1 lb. of zinc. 
Red tombac. ■ 5^ lb. of copper, and 

i lb. of zinc. 
The copper must be fused in the crucible before the zinc is added. 
This alloy is of a reddish colour, and possesses more lustre, and is 
of greater durabil.ity, than copper. 

White tombac. Copper and 

Arsenic, 
Put together in a crucible, and melted, covering the surface wilh muri* 
ate of soda, to prevent oxidation, will form a \<^hite brittle alloy. 

Gtm me/a/.*^No. 1. Il2lb. of Bristol btass, 
14 lb. zinc, and 
7 lb. block tin. 
Nql. 2.-9 parts copper, and 

I part tittk ' ' 

The above compounds are those used in the manufactoro of small 
and great brass guns, swivels, fcc. 

Blanched copper. 8 oz. of copper, and 

i oz. of seutral arsenical aalt^. 
fused together, under a flux composed of calcined borax, charcoal dust 
and fine powder glass. ^' 

Specula of telescopes. 

7 lb. of copper, and w^ieafused, add 
3 lbs. of zinc, and 
' 4 lb. of tin. 
These metals will combine and form a beautiful alloy of jg^reat lustre, 
and of a light yellow colour, fitted to be made into specula for teAs* 
copes. Mr Mudge used only oopper and grain tin, in the ''propor- 
tion of two pounds to fourteen and a half ounces. 

Kust%tien*s metal fbr tinning. 

To 1 lb. of malleable iron, at'a white heat, add 
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5 oz. of reg^lus df antimony, and 
24 lb. of tbe purest Molucea tin. 
This alloy polishes \irithotit the blue tint, and is free from lead or 
arsenic 
MetdlforJhUe*key valves, 

4 ozr. lead, and 
2 o«. antimony, 
fused in a crucible, and cast into a bar, forms an alloy of considera^" 
ble hardness and lustre. It is used by. flute mantifacturers, (when 
turned into small buttons in a lathe,) for milking valves to stop the 
key-holes of flutee. 
PrSiiera* types. 10 lb. of lead, and 

2 lb. of antimony. 
The antimony must be thrown into the crucible when the lead is in 
a state of fusion. The antimony gives a hardness to the lead, without 
which the type would speedily be rendered ' useless, in a printing 
press. Different projiortions of lead, copper,, brass, and antimony, 
frequently constitute this metal. Every artist h«B his own propor- 
tions, so that the same composition cannot be obtained froip different 
foundries; each bbasts of the superiority of his own mixture. 
Smali types and stereotype plates.'^No. 1. 

9 lb. of lead, and when melted, add 
2 lb. of antimony, and 
1 lb. of bismuth. 
This alloy expands as it cools, and ' is, therefore, well suited for 
the formation of small printing types, (particularly when many are 
cast together, to form stereotype plates,) »s the whole of the mould 
i& accurately filled with the alloys consequently, there can be no 
blemish in the letters. , 

No. 2. e parts lead, 

2 parts antimroay, and 
i part tin. 
Por the manufacture of stereotype plates, plaster of Paris, of the 
consistence of a batter pudding before baking, is poured over the 
letter-press page, and worked ^nto the inti^rstices of the types with 
a bfush. It is then collected from the sides, by a slip of iron or wood, 
so as to lie sn^oolb and compact. In about two minutes the whole 
mass is hardened into a solid cake. This cake, which is to serve as 
the matrix of the stereotype plate, is now put upon a rack in an oven, 
where it^idergoes great heat, so as to drive off superfluous moisture.^ 
When ready for use, these moulds, according to their size, are placed 
in flat cast-iron pots, and* are covered over with another piece of 
cast iron, perforated at each end, <o admit the metallic composition 
intended for the preparation of the stereotype plates. The flat cast- 
iron pots are now fastened in a crane,' which carries them steadily to 
the metallic b^th, or melting-pot, where they are immersed, and 
kept for a considerable time, until all the pores and crevices of the 
mould are completely and acaurately filled. When this has taken 
place, the pots are elevated from the bath, by working the crane, and 
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are placed over a water trough, to cool gra4uaUy. When cold, the 
whole is turned out of ,th^ p^s« and the pte&ler being separated, hf 
hammering and washing, the pbites are ready for i^e, having re- 
ceived the most exact and perfect impression. 

Metallic easts f ram engravings on copper. 

A most important discovery has Ifttely been made, which promises 
^ be of considerable utility in the fine ar^: ^oAie very: bentiful 
specimens of metallic plate^ of a peculiar composition, have latdy 
appeared, under the name of <<oast engravings.'' This invention 
consists in taking moulds from every kind of engnftvings, with Une, 
mezzQtinto, or aquatinta, and pouring on this mould an flll<Wf va a 
state of fusion, capableof taking the finest impression. The oovious 
uttlity of this invention, as applicable to engravings which meet with 
a ready sale, and of which great numbers are required, wiM be in- 
calculgble^ om it will wholly prevent the expense oi retracing, which 
forms so prominent a charge in all works of fin extended sale. No 
aponer is one c^sf^ worn out, thaa another may be immediately pro- 
cured from the original plate, ^ that ^^very impression will be a 
proof. Thus, the works of our most celebrated avtists may be hand- 
ed down, ad mjinitum^ for the in^rovemeitt and delight of future 
ages, and will afford, at the same time, the greatest satisfaction to 
every lover of the fine arts. 

Common pewter. 7 lb* of tin, 

1 lb. of lead, 

6 oz. of copper, and 

2 Qz. of zinc. 

The copper must be fused before the other ingredients are added. 
This combination of metals will form an alloy of great durability and 
tenacity^ also, of considerable lustre. 
Best peufter. * 100 part? titi, and 

17 parts regulus of antimony. 
Hard pewter. 12 lb. of tin, 

1 lb. regulus of antimony, aad 
4 oz. of copper. 
Common solders- 5 lb. of fead, and 

1 lb. of tin. 
The lead must be melted before the tin is added. ,This alloy, when 
heated by a hot iron, and applied to the tinned iron with powdered 
rosin, acts as a cement or solder; if Is also used to joip lead pipes^ 
&c. &c, 
'' Soft solder. 2 lb. of tin, and 

I lb, of lead. i . 

Solder for steel joints. ^ 

19 dwts. of fine silver, ^ 

1 dwt. copper, and i 

2 dwts. brass^ '^ 
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melted tc^tfa^R* under 4 coat of chai^bol dust*. This solder possesses 
feveral advantages over tlie uiualzinc sodat <>^ bra«s, whMi employed 
in soldering^ cast-steoly Sec. as ^ fhses with less heat^ and its white- 
ness has a better appearance than brass. 

Silver soUei^ for Jewellers. 

19 dwts. of fine silver, 
1 dwt. copper, and 
10 dwts. brass. 

Silver s^derfor plating. 

10 dwts. brass, and 

1 oz. pure silver. 

Gold solder. l^dwts. pare gold, 

2 dwts. pure silver, and 
'4 dwts. copper. 

Brass solder for iron.*— Thin plates of 6r£[ss «re to be metted be- 
tween the pieott that are to bejbined. If the work be very fine, as 
when two l^ves of a broken saw are to *e hrazed together, cover it 
with pulverized borax, malted^wUh water, that it may incorporsite 
with the brass powder, which is added to it: the^iece ixust.be then 
exposed to the fire, without touching -the coals, and heated till the 
brass is seen to run. 

iSfonzc.— 7 lbs. pure coj^er, 

3 lbs. zinc, and 

2 lbs. tin. 
The copper must be fused before the dther ingredients are added. 
These metals, when combined, f6rm the bronze so much u^d, both 
in ancient and hiodem times^ in the fermatioh of busts, inedals, and 
statues. 

Oomposition ^f ancient statues' 

According to Pli»y» the metal used by the Romans for their sta- 
tues, and for the plates on which they engraved inscriptions, was 
composed in the following manner. They first melted a quantity of 
copper, into which they put l-3d of its weight of old copper, which 
had been long in use; to every 100 lbs. weight of this mixture, they 
added 12^ lbs. of anf alloy composed of equal parts of lead and tin. 

i(focA;jE>toina.— Melt together 

8 oz. of brass, and 
5 oz. of zinc. 

Usrful alloy cf gold ivith plaMnum. 

7i dr. pure goU, and t 

i dr. platinum. 
The platinum must be added when the gold is perfbctly melted. The 
two metals will combine intimately^ forming an alloy rather whiter 
than p«re gold) but reiftarkably ductile and elastic; it is also less 
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perishable than pure gDld, or jetrellet's gold: but more readily fusi- 
ble than that metal. 

These excellent qualities must render this alloy an object of great 
interest to workers in metols. For springs where steel cannot be 
used, it will prove exceedingly advantageous. 

It is a curious circumstance, that the alloy of gold sloA platinum is 
soluble in nitric acid, which does not act on either of the metals in a sepa- 
rate state. It is rernvrkablet too, that the alloy has very nearly the co- 
lour of platinum, even when composed of eleven parts of gold to one of 
the former metal. 

Ring-gold. 6 d>vts. 12 gi^. Spanish copper, 

3 dwts. 16 grs. fine silver, and 
1 oz. 5 dwts. gold coiQ. 
Gold from 355. to 405. per eunee. 

8 dwts. 8 grs. Spanish copper, 
10 dVts. fine silver, and 
1 oz. gold coin. 
Manheim-goldj or aimilor. 

Si oz. of copper, - 
■ l^oz. of brass, and 
15 gr. of pure tin. 
Gildtng-metal, 4 parts of copper, 

1 part of Bristol old brass, and . ' 

14 oz of tin to every pound of copper. 
For cmnriAon jewellery. 3 parts «f copper, 

1 part of Bristol old brass, and 
4 oz. of tin to every pound of copper. 
If this alloy is for fine polishin|j^, the tin may be omitted, and a nux- 
ture of lead and andmony substituted. Paler poUshing metal is 
made by reducing the copper to two or to one part. 
Fellow dipping metaL'-^ilo* 1. 

2 parts of Cheadle brass, 
1 part of copper, with a little 

Bristol old brass, and 
i 02. of tin to every pound of copper. 
This alloy is almost of the colour of gold coin. Cheadle blras^ is the 
darkest, and gives the metal a greenish hue. Old Bristol brass is 
pale and yellow . 

No. 2. — 1 lb. of copper, and 
5 oz. of zinc. 
The copper should be tough cake, and not tile. 

When antimony is used instead of tin, it should be in smaller 
quantity, or the metlil will be brittle. 
Imitation 0/ silver. } oz. of tin, and - 

1 lb. of copper, 
Will make a pale bell-metal, which will roH and ring very near to 
sterling silver. 
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PREPARATION OF FOILS. 

Foils are thin plates or leaves of metal that are put under stones, 
or compositions in imitation of stones, when they are set. 

The intention of foils is either to increase the lustre or play of the 
stones, or more generally improve the colour, by giving an additional 
force to the tinge, whether it be natural or artificial, by that of a 
ground of the same hue, which the foil is in this case made to be. 

There are consequently two kinds of foils; the one is colourless, 
where the effect of giving lustre or play to the stone is produced by 
the polish of the surface, which makes it act as a mirror, and by re- 
flecting the light, prevents that deadness which attends the having a 
duller gound under the stone, and brings it, by the double refraction 
of the light that is caused, nearer to the effect of the diamond. The 
other is coloured with some pigment or stain of the same hue as the 
stone, or of some other which is intended to modify and change the 
hue of the stone in some degree 5 as, where a yellow foil may be put 
under green, which is too much inclining to the blue, or under crimson, 
where it is desired to have the appearance more orange or scarlet. 

Foils may be made of copper or tin; and silver has been sometimes 
used, with which it has been advised, for some purposes, to mix 
gold; but the expense of either is needless, as copper may be made 
to answer the same end. 

To prepare, copper for foils. — Where coloured foils are wanted, 
copper may therefore be best used, and may be prepared for the 
purpose by the following means. 

Take copper plates beaten to a proper thickness, and pass them 
betwixt a pair of fine steel rollers very close set, and draw them as 
thin as is possible to retain a proper tenacity. Polish them with very 
fine whiting, or rotten stone, till they shine, and have as much 
brightness as can be given them, and they will then be fit to receive 
the colour. 

To whiten foik. — ^Where the yellow, or rather orange colour of 
the ground would be injurious to the effect, as in the case of purples, 
or crimson red, the foils should be whitened, whictomay be done by 
the following manner. 

Take a small quantity of silver, and dissolve it in aqua-fortis, and 
then put bits of copper into the solution, and precipitate the silver; 
which being do!ie, the fluid must be poured off, and fresh water 
added to it, to wash away all the remainder of the first fluid; after 
which the silver must be dried; an equal weight of cream of tartar 
and common salt must then be ground with it, till the whole is re- 
duced to a very fine powder; and with this mixture the foils, being 
Erst slightly moistened, must be rubbed by the finger, or a bit of 
linen rag, till they be of the degree of whiteness desired; after 
which, }$ it appear to be wanted, the polish must be refreshed. 

The tin-foils are only used in the case of colourless stones, where 
Vol. II.— 2 L 
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quicksilver is employed; and they may be drawn out by the same 
rollers, but need not be further polished, as that effect is produced 
by other means in this case. 

Foils for crystals^ pebbles^ or paste, to give the lustre and play of dia- 
monds. — The manner of preparing foils, so as to give colourless 
stones the greatest degree of play and lustre, is by raising so high a 
polish or smoothness on the surface, as to give them the effect of a 
mirror, which can only be done, in a perfect manner, by the use of 
quicksilver, applied in the same general way as in the case of look- 
ing-glass. The method by which it may be best performed is as follows. 

Take leaves of tin, prepared in the same manner as for silvering 
looking-glasses, and cut them into small pieces of such size as to 
cover the surface of the sockets of the stones that are to be set. Lay 
three of these then, one upon another, and having n^oistened the in- 
side of the socket with thin gum-water, 2tnd suffered it to become 
again so dry, that only a slight stickiness remains, put the three 
pieces of leaves, lying on each other, into it, and adapt them to the 
surface in as even a manner as possible. When this is done, heat the 
socket, and fill it with warm quicksilver, which must be suffered to 
continue in it three or four minutes, and then gently poured out. 
The stone must then be thrust into the socket, and closed with it, 
care having been taken to give such room for it that it may enter 
without stripping off the tin and quicksilver from any part of the 
surface. The work should be well closed round the stone, to pre- 
vent the tin and quicksilver contained in the socket from being 
shaken out by any violence. 

The lustre of stones set in this manner will continue longer than 
when they are set in the common way, as the cavity round them 
being filled, there will be no passage found for moisture, which is so 
injurious to the wear of stones treated in any other way. 

This kind of foil likewise gives some lustre to glass or other trans- 
parent matter, which has little of itself; but to stones or pastes, that 
have some share of play, it gives a most beautiful brilliance. 

To colour foils. — Two methods have been invented for colouring 
foils: the one by tinging the surface of the copper of the colour re- 
quired by means of smoke, the other by staining or painting it with 
some pigment (y other colouring substance. 

The colours used for painting foils may be tempered with either 
oil, water rendered duly viscid by gum-arabic, size, or varnish. 
Where deep colours are wanted, oil is most proper, because some 
pigments become wholly transparent in it, as lake <fr Prussian blue; 
the yellow and green may be better laid on in varnish, as these co- 
lours may be had in perfection from a tinge wholly dissolved in spirit 
of wine, in the same manner as in the case of lacquers; and the most 
beautiful green is to be produced by distilled verdigris, which is apt 
to lose its colour and turn black with oil. In common cases, how- 
ever, any of the colours may be, with the least trouble, laid on with 
isinglass size, in the same manner as the glazing colours used in mi- 
niature painting. 
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Suby cofotir«.— For red, where the ruby is to be imitated, a little 
lake used in isinglass size, carmine, or shell'lac varnish, is to be em- 
ployed, if the glass or paste be of a full crimson, verging towards the 
purple^ but if the glass incline to the scarlet, or orange, very bright 
lake (that is, not purple,) may be used alone in oil. 

Garnet rec?.-— For the garnet red, dragon's blood dissolved in seed- 
lac varnish may be used ; and for the vinegar garnet, the orange- 
lake tempered with shell-lac varnish, will be found excellent. 

AmethyaU^-rYoT the amethyst, lake, with a little Prussian blue, used 
with oil, and very thinly spread on the foil, will completely answer 
the end. 

Blue, — ^For blue, where a deep colour, or the effect of the sapphire 
is wanted, Prussian blue, that is not too deep, should be used in oil, 
and it should be spread more or less thinly on the foil according to 
the lightness or deepness of the colour required. 

jEJag/e marine— For the eagle-marine, common verdigris, with a 
little Prussian t)lue^ tempered in shell-lac varnish* 

Yellow, — Where a full yellow is desired, the foil may be coloured 
with a yellow lacquer, laid on as for other purposes 5 and for the 
slighter colour of topazes, the burnish and foil itself will be sufficiently 
strong without any addition. 

Green. — For green, where a deep hue is required, the crystals of 
verdigris, tempered in shell-lac varnish, should be used, but where 
the emerald is to be imitated, a little yellow lacquer should be added, 
to bring the colour to a truer green, and less verging to the blue. 

Other colours*, — The stones of more diluted colour, such as the 
amethyst, topaz, vinegar-garnet, and eagle-marine, may be very 
cheaply imitated, by transparent white glass or paste, even without 
foils. This is to be done by tempering the colours above enume- 
rated with turpentine and mastic, and painting the socket in which 
the counterfeit stone is to be set with the mixture, the socket and 
stone itself being previously heated. In this case, however, the stone 
should be immediately set, and the socket closed upon it before the 
mixture cools and grows hard. The orange-lake above-mentioned 
was invented for this purpose, in which it has a beautiful effect, and 
was used with great success by a considerable manufacturer. The 
colour it produces is that of the vinegar-garnet, which it affords with 
great brightness. The colours before directed to be used in oil 
should be extremely well ground in oil of turpentine, and tempered 
with old nut or poppy-oil; or, if time can be given for their drying, 
with strong fat oil, diluted with spirit of turpentine, which will gain 
a fine polish of itself. 

The colours used in varnish should be likewise thoroughly well 
ground and mixt; and in the case of the dragon's blood in the seed- 
lac varnish and the lacquer, the foils should be warmed before they 
^re laid out. All the mixtures should be laid on the foils with abroad 
soft brush, which must be passed from one end to the other, and no 
part should be crossed, or twice gone over, or, at least, not till the 
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first coat can be dry ^ when, if the colour do Bot lie strong enough, a 
second coat may be given. 



GILDING, SILVERING, AND TINNING. 

Chid powder for gilding. — Gold powder may be prepared in 3 
different ways: — 1st, put into an earthen mortar some gold-leaf, 
with a little honey, or thick gum-water, and grind the mixture till 
the gold is reduced to extremely minute particles. When this is 
done, a little warm water will wash out the honey or gum, leaving 
the gold behind in a pulverulent state. 

2nd. — Dissolve pure gold, (or the leaf,) in nitro-muriatic acid 
and then precipitate it by a piece of copper, or by a solution of 
sulphate of iron. Thfe precipitate, (ifby copper,) must be digested in 
distilled vinegar, and then washed, (by pouring water over it repeat- 
edly,) and dried. This precipitate will be in the form of a very fine 
powder: it works better, and is more easily burnished than gold-leaf 
ground with honey, as above. 

And 3d, or the best method of preparing gold powder, is by heat- 
ing a prepared amalgam of gold, in an open clean crucible, and con- 
tinuing the strong heat, until the whole of the mercury is evaporated j 
at the same time constantly stirring the amalgam with a glass rod. 
When the mercury has completely left the gold, the remaining pow- 
der is to be ground in a Wedgewood's mortar, with a little water, 
and afterwards dried. It is then fit for use. 

Although the last mode of operating has been here given, the 
operator cannot be too much reminded of the danger attending the 
sublimation of mercury. In the small way here described, it is im, 
possible to operate without danger; it is therefore better to prepare 
it according to the former directions, than, to risk the health by the 
latter. 

To cover bars of copper ^ ^c. with gold, so as to be rolled out irtto^ 
sheets. — This method of gilding was invented by Mr Turner, of 
Birmingham. Mr Turner first prepares ingots or pieces of copper 
or brass, in convenient lengths and sizes. He then cleans them 
from impurity, and makes their surfaces level, and prepares plates 
of pure gold, or gold mixed with a portion of alloy, of the same size 
as the ingots of metal, and of suitable thickness. Having placed a 
piece of gold upon an ingot intended to be plated, he hammers and 
compresses them both together, so that they may have their surfaces 
as nearly equal to each other as possible, and then binds them to- 
gether with wire, in order to keep them in the same position during 
the process required to attach them. Afterward^ he takes silver 
filings, which he mixes with borax, to assist the fusion of the silver. 
This mixture he lays upon the edge of the plate of gold, and next to 
the ingot of metal. Having thus prepared the two bodies, he places 
them on a fire in a stove or furnace, where they remain until the silver 
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«nd borax placed along the edges of the metals mdt, and until the 
adhesion of the gold with the metal is perfect* He then takes th)e 
ingot carefully out of the stove. By this process the ingot is plated 
with gold, and prepared ready for rolling into sheets. 

To gild in colours. — The principal colours of gold for gilding are 
red, green, and yellow. These should be kept in different amalgams. 
The part which is to remain of the first colour is to be stopped off 
with a composition of chalk and glue; the variety required is pro- 
duced by gilding the unstopped parts with the proper amalgam, ac^ 
cording to the usual mode of gilding. 

Sometimes the amalgam Is applied to the surface to be gilt, with- 
out any quicking, by spreading it with aqua-fortis; but this depends 
on the same principle as a previous quicking. 

Grecian gilding. — -Equal parts of sal-ammoniac and corrosive su- 
blimate are dissolved in spirit of nitre, and a solution of gold made 
with this menstruum. The silver is brushed over with it, which is 
tumcid black, but on exposure to a red heat it assumes the colour of 
gold. 

To dissolve gold in aqua-regia. — Take an aqua-regia, composed 
of two parts of nitrous acid and one of marine acid; or of one part 
of sal-ammoniac and four parts of aqua-fortis 5 let the gold be granu- 
lated, put into a sufficient quantity of this menstruum, and exposed 
to a moderate degree of heat During the solution, an effervescence 
takes place, and it acquires a beautiful yellow colour, which be- 
c(S^mes more and more intense, till it has a golden or even orange 
colour. When the menstruum is saturated, it is very clear and trans- 
parent. 

To gild iron or steel toith a solution of gold. — Make a solution of 
8 ounces of nitre and common salt with 5 ounces of crude alum in 
a sufficient quantity of water; dissolve half an ounce of gold thinly 
plated and cut, and afterwards evaporate to dryness. Digest the 
residuum in rectified spirit t>f wine or sether, which will perfectly 
abstract the gold. The iron is brushed over with this solution and 
becomes immediately gilt. « 

To gild by dissolving gold in aqua-regia. — Fine • linen rags are 
soaked in a saturated solution of gold in aqua-regia, gently dried, 
and afterwards burnt to tinder. The substance to be gilt must be 
well polished; a piece of cork is first dipped into a solution of com- 
mon salt in water, and afterwards into the tinder, which is well 
rubbed on the surface of the metal to be gilt, and the gold appears 
in all its metallic lustre. ' 

Amalgam of gold in the large way. — A quantity of quicksilver is* 
put into a crucible or iron ladle, which is lined with clay, and ex- 
posed to heat till it begins to smoke. The gold to be mixed should 
be previously granulated, and heated re* hot, when it should be 
added to the quicksilver, and stirred about with an iron rod till it is 
perfectly dissolved. If there should be any superfluous mercury, it 
may be separated by passing it through clean soft leather; and the 
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remaining amalgam will have the consistence of batter, and contain 
about 3 parts of mercury to 1 of gold. 

To gnd by amalgamation.*-^The metal to be gilt is previously- 
well cleaned on its surface, by boiling in a weak pickle, which is a 
very dilute nitrous acid. A quantity of aqua-fortis is poured into an 
earthen vessel, and quicksilver put therein 5 when a sufficient quan- 
tity of mercury is dissolved, the articles to be gilt are put into the 
solution, and stirred about with a brush till they become white. This 
is called quicking. But, as during quicking by this mode, a noxious 
vapour continually arises, which proves very injurious to the health 
of the workmen, they have adopted another method, by which they, 
in a great measure, avoid that danger. They now dissolve the quick- 
silver in a bottle con^taining aqua-fortis, and leaye it in the open air 
during the solution, so that the noxious vapour escapes into the air. 
Then a little of this solution is poured into a basin, and with a brush 
dipped therein, they stroke over the surface 6f the metal to be gilt, 
which immediately becomes quicked. The amalgam is now applied 
by one of the following methods: 

1st. By proportioning it to the quantity of articles to be gilt, and 
putting them into a white hat together, working them about with a 
soft brush, till the amalgam is uniformly spread. 

Or, 2dly. By applying a portion of the amalgam upon one part, 
and spreading it on the surface, if flat, by working it about with a 
harder brush. 

The work thus managed is put into a pan, and exposed to a gentle 
degree of heat; when it becomes hot, it is frequently put into a hat, 
and worked about with a painter's large brush, to prevent an irre- 
gular dissipation of the mercury, till at last the quicksilver is en- 
tirely dissipated by a repetition of the heat, and the gold is attached 
to the surface of the metal. This gilt surface is well cleaned by a 
wire brush, and then artists heighten the colour of the gold by the 
application of various compositions ; this part of the process is called 

COLOURING. 

To gild glass and porcelain. — J^o* !• — Drinking and other glasses 
are sometimes gilt on their edges. This is done either by an ad- 
hesive varnish or by heat. The varnish is prepared by dissolving in 
boiled linseed oil an equal weight either of copal or amber. This is 
to be diluted by a proper quantity of oil of turpentine, so as to be 
applied as thin as possible to the parts of the glass intended to be 
gilt. When this is done, which will be in about twenty-four hours, 
the glass is to be placed in a stove, till it is so warm as almost to 
burn the fingers when handled. At this temperature the varnish 
will become adhesive, and a piece of leaf gold, applied in the usual 
way, will immediately stick. Sweep off the superfluous portions of 
the leaf, and when quite •old it may be. burnished, taking care to 
interpose a piece of very thin paper, (India paper,) between the gold 
and the burnisher. If the varnish is very good, this is the best 
method of gilding glass, as the gold is thus fixed on more evenly 
than in any other way. 
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No. 2. — It often happens, when the varnish is but indifferent, that 
by repeated washings the gold wears off; on this account the practice 
of burning it in is sometimes had recourse to. 

For this purpose, some gold powder is ground with borax, and in 
this state applied to the clean surface of the glass, by a camel's hair 
pencil; when quite dry, the glass is put into a stove heated to about 
the temperature of an annealing oven ; the gum burns off, and the 
borax, by vitrifying, cements the gold with great firmness to the 
glass; after which it may be burnished. The gilding upon porcelain 
is in like manner fixed by heat and the use of borax; and this kind 
of ware being neither transparent nor liable to soften, and thus to be 
injured in its form in a low red heat, is free from the risk and injury 
which the finer and more fusible kinds of glass are apt to sustain 
from such treatment. Porcelain and other wares may be platinised, 
silvered, tinned, and bronzed, in a similar manner. 

To gUd leather, — In order to impress gilt figures, letters, and 
other marks upon leather, as on the covers of books, edgings for 
doors, &c. the leather must first be dusted over with very finely 
powdered yellow resin, or mastich gum. The iron tools or stamps 
are now arranged on a rack before a clear fire, so as to be well heated, 
without becoming red hot. If the tools are letter^^ they have an al- 
phabetical arrangement on the rack. Each letter or stamp must be 
tried as to its heat, by imprinting its mark on the raw side of a piece 
of waste leather. A little practice will enable the workman to judge 
of the heat. The tool is now to be pressed downwards on the gold 
leaf, which will of course be indented, and show the figure imprinted 
on it. The next letter or stamp is now to be taken and stamped in 
like manner, and so on with the others, taking care to keep the let- 
ters in an even line with each other, like those in a book. By this 
operation the resin is melted; consequently the gold adheres to the 
leather: the superfluous gold may then bft> rubbed off by a cloth, the 
gilded impressions remaining on the leather. In this, as in every 
other operation, adroitness is acquired by practice. 

The cloth alluded to should be slightly greasy, to retain the gold 
wiped off (otherwise there will be a great waste in a few months); 
the cloth will thus be soon completely saturated or loaded with the gold. 
When this is the case, these cloths are generally sold to the refiners, 
who burn them and recover the gold. Some of these afford so much 
gold by burning, as to be worth from a guinea to a guitiea and a half. 

To gild writings J drawings y ^c. on 'paper or parchment. — Letters 
written on vellum or paper are gilded in three ways : in the first, 
a little size is mixed with the ink, and the letters are written as usual; 
when they are dry, a slight degree of stickiness is produced by 
breathing on them, upon which the gold leaf is immediately ap- 
plied, and by a little pressure may be made to adhere with sufficient 
firmness. In the second method, some white-lead or chalk is ground 
up with strong size, and the letters are made with this by means of 
a brush: when the mixture is almost dry, the gold leaf may be laid 
on, and afterwards burnished. The last method is to mix up some 
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gold powder with size, and to form the letters of this by means of a 
brush. It is supposed that this latter method was that used by the 
monks in illuminating their missals, psalters, and rubrics. 

To gUd the edges of paper. — The edges of the leaves of books and 
letter paper are gilded whilst in a horizontal position in the book- 
binder's press, by first applying a composition formed of four parts 
of Armenian bole, and one of candied sugar, ground together with 
water to a proper consistence, and laid on by a brush with the white 
of an egg. This coating, when nearly dry, is smoothed by the bur- 
nisher, which is generally a crooked piece of agate, very smooth, 
and fixed in a handle. It is then slightly tnoistened by a sponge dip- 
ped in clean water, and squeezed in the hand. The gold leaf is now 
taken up on a piece of cotton from the leathern cushion, and applied 
on the moistened surface. When dry, it is to be burnished by rubbing 
the agate over it repeatedly from end to end, taking care not to wound 
the surface by the point of the burnisher. A piece of silk or India 
paper is usually interposed between the gold and the burnisher. 

Cotton wool is generally used by book-binders- ta take the leaf up 
from the cushion, being the best adapted for the purpose on account 
of its pliability, smoothness, softness, and slight moistness. 

To gild silk, satiny ivory, Src. by hydrogen gas. No. 1. — ^Im- 
merse a piece of white satin, silk, or ivory in a solution of nitro-mu- 
riate of gold, in the proportion of one part of the nitro-muriate to 
three of distilled water. Whilst the substance to be gilded is still 
wet, immerse it in a jar of hydrogen gas: it will soon be covered by 
a complete coat of gold. 

No. 2. — The foregoing experiment may be very prettily and ad- 
vantageously varied as follows : — Paint flowers or other ornaments 
with a very fine camel's hair pencil^ dipped in the above-mentioned 
solution of gold, on pieces of silk, satin, 8cc. Sec. Sec. and hold them 
over a Florence flask, from which hydrogen gas is evolved during 
the decomposition of the water by sulphuric acid and iron filings. 
The painted flowers, Sec. in a few minutes will shine with all the 
splendctUr of the purest gold. A coating of this kind will not tarnish 
on exposure to the air, or in washing. 

Oil gilding on wood. — The wood must first be covered, or primed, 
by two or three coatings of boiled linseed oil and carbonate of lead, 
in order to fill up the pores, and conceal the irregularities of the sur- 
face, occasioned by the veins in the wood. When the priming is 
quite dry, a thin coat of gold-size must be laid on. This is prepared 
by grinding together some red oxide of lead with the thickest drying 
oil that can be procured, and the older the better, that it may work 
freely: it is to be mixed, previously to being used, with a little oil of 
turpentine, till it is brought to a proper consistence. If the gold- 
size is good, it will be sufficiently dry in twelve hours, more or less, 
to allow the artist to proceed to the last part of the process, which is 
the application of the gold. For this purpose a leaf of gold is spread 
on a cushion, (formed by a few folds of flannel secured on a piece of 
woody about eight inches square, by a tight covering of leather,) and 



APPENDIX. 289 

is cut into strips of a proper size by a blunt pallet knife; each strip 
being then taken upon the point of a fine brush, is applied to the 
part intended to be gilded, and is then gently pressed down by a ball 
of soft cotton; the gold immediately adheres to the sticky surface 
of the size, and after a few minutes, the dexterous application of a 
large camel's hair brush sweeps away the loose particles of the gold 
leaf without disturbing the rest. In a day or two the size will be 
completely dried, and the operation will be finished. 

The ad vantages of this method of gilding are, that it is very simple, 
very durable, and not readily injured by changes of weather, eveu 
when exposed to the open air; and when soiled it may be cleaned by 
a little warm water and a soft brush; its chief employment is in out- 
door work. Its disadvantage is, that it cannot be burnished, and 
therefore wants the high lustre produced by the following method. 

To gild by burnishing.'^This operation is chiefly performed on 
picture frames, mouldings, headings, and fine stucco work. The 
surface to be gilt must be carefully covered with a strong size, made 
by boiling down pieces of white leather, or clippings of parchment, 
till they are reduced to a stiff jelly; this coating being dried, eight 
or ten more must be applied, consisting of the same size, mixed with 
fine Paris plaster or washed chalk; when a sufficient iiumber of layers 
have been put on, varying according to the nature of the work, and 
the whole is become quite dry, a moderately thick layer must be ap- 
plied, composed of size and Armenian bole, or yellow oxide of lead: 
while this last is yet moist, the gold leaf is to be put on in the usual 
manner; it will immediately adhere on being pressed by the cotton 
ball, and before the size is become perfectly dry, those parts which 
are intended to be the most brilliant are to be carefully burnished by 
an agate or dog's tooth fixed in a handle. 

In order to save the labour of burnishing, it is a common, but bad 
practice, slightly to burnish the brilliant parts, and to deaden the 
rest by drawing a brush over them dipped in size; the required con- 
trast between the polished and the unpolished gold is indeed thus 
obtained ; but the general effect is much inferior to that produced in 
the regular way, and the smallest drop of water falling on the sized 
part occasions a stain. This kind of gilding can only be applied, on 
in-door work; as rain, and even a considerable degree of dampness, 
will occasion the gold to peel off. When dirty, it may be cleaned by 
a soft brush, with hot spirit of wine, or oil of turpentine. 

To gild copper^ fyc. by fltna/g'om.— Immef se a very clean bright 
piece of copper in a diluted solution of nitrate of mercury. By the 
affinity of copper for nitric acid, the mercury will be precipitated: 
now sj)read the amalgam of gold rather thinly over the coat of mer- 
cury just given to the copper. This coat unites with the amalgam, 
but of course will remain on the copper. Now place the piece or 
pieces so operated on, in a clean oven or furnace, where there is no 
smoke. If the heat is a little greater than 600°, the mercury of the 
amalgam will be volatilized, and the copper will be beautifully gilt. 

In the large way of gilding, the furnaces are so contrived that the 
Vol. II.— 2 M 
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Tolatilized mercury is again condensed, and preserved for farther 
iise^ so that there is no loss in the operation. There is also a con- 
trivance by which the volatile particles of mercury are prevented 
from injuring the gilders. 

To gild steel, — Pour some of the ethereal solution of gold into a 
wine glass, and dip therein the blade of a new pen-knife, lancet, or 
razor; withdraw the instrument, and allow the ether to evaporate. 
The blade will be found to be covered by a very beautiful coat of 
gold. A clean rag, or small piece of very dry sponge, may be dipped 
in the ether, and used to moisten the blade, with the same result. 

In this case there is no occasion to pour the liquid into a glass^ 
which must undoubtedly lose by evaporation; but the rag or sponge 
may be moistened by it, by applying either to the mouth of the phial. 
This coating of gold will remain on the steel for a great length of 
time, and will preserve it from rusting. 

This is the way in which swords and other cutlery arc ornamented. 
Lancets too are in this way gilded with great advantage, to secure 
them from rust. 

7b heighten the colour of yellow gold, 
6 oz. saltpetre, 
2 o2. copperas, 
1 oz. white vitriol, and 
1 oz. alum. 
If it be wanted redder, a small portion of blue vitriol must be 
added. These are to be well mixed, and dissolved in water as the 
colour is wanted. 
To heighten the colour of green gold. 
1 oz. 10 dwts. saltpetre, 
1 oz. 4 dwts. sal ammoniac, 
1 oz. 4 dwts. Roman vitriol, and 
18 dwts. verdigris, 
Mix them well together, and dissolve a portion in water, as occa- 
sion requires* 

The work must be dipped in these compositions, applied to a pro- 
per heat to bum them off, and then quenched in water or vinegar. 
7b heighten the colour of red gold. 

To 4 oz. melted yellow wax, add 
\i oz. red ochre In fine powder, 
' U oz. verdigris calcined till it yield no fumes, and 

i oz. calcined borax. 
It is necessary to calcine the verdigris, or else, by the beat applied 
in burning the wax, the vinegar becomes so concentrated as to cor- 
rode the surfaces, and make it appear speckled. 

To separate gold from gilt-copper and silver. — Apply a solution 
of borax, in water, to the gilt surface, with a fine brush, and sprinkle 
over it some fine powdered sulphur. Make the piece red hot, and 
quench it in water. The gold may be easily wiped off with a scratch- 
brush, and recovered by testing it with lead. 

Gold is taken from the surface of silver by spreading over it a 
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paste, made of powdered sal-ammoniac, with aqua-fortis, and heat- 
ing it till the matter smokes, and is nearly dry ; when the gold may 
be separated by rubbing it with a scratch-brush. 

To silver by heat. No. 1. — Dissolve an ounce of pure silver in 
aqua-fortis, and precipitate it with common salt^ to which add k lb. 
of sal-ammoniac, sandiver, and white vitriol, and i 02. of sublimate. 

No. 2. — Dissolve an ounce of pure silver in aqua-fortis ; preci- 
pitate it with common salt, and add, after washing, 6 ounces of com- 
mon salt, 3 ounces each of sandiver and white vitriol, and i ounce of 
sublimate. 

These are to be ground into a paste upon a fine stoiie with a mul- 
ler $ the substance to be silvered must be rubl^ed over with a suffi- 
cient quantity of the paste, and exposed to a proper degree of heat* 
Where the silver runs, it is taken from the fire, and dipped into weak 
spirit of salt to clean it. 

Silvering on gUt toork^ by amedgamation. — Silver will not attach 
itself to any metal by amalgamation, unless it be first gilt. The 
process is the same as gilding in colours, only no acid should be used. 

To silver in the eoldunxy. 

No. 1.— 2 dr. tartar, 

2 dr. common salt, 
i dr. of alum, and 

20 grs. of silver^ precipitated from the nitrous acid 
by copper. 

Make them into a paste with a little water. This is to be rubbed on 
the surface to be silvered with a cork, Sec. 

No. 2. — ^Dissolve pure silver in aqua-fortis, and precipitate th^ 
silver with common salt ; make this precipitate into a paste, by ad- 
ding a little more salt and cream of tartar. It is applied as in the 
former method. 

To silver copper ingots. — The principal difficulties in plating cop- 
per ingots are, to bring the surfaces of the copper and silver into 
fusion at the same time^ and to prevent the copper from scaling ; for 
which purposes fluxes are used. The surface of the copper on which 
the silver is to be fixed must be made fiat by filing, and should be left 
rough. The silver is first annealed and afterwards pickled in weak 
spirit of salt $ it is planished, and then scraped on the surface to be 
fitted on the copper. These prepared surfaces are annointed with 
a solution of borax, or strewed with fine powdered borax itself^ uid 
then confined in contact with each other, by binding wire. When 
they are exposed to a sufficient degree of heat, the flux causes the 
surfaces to fuse at the same time, and after they become cold, they 
are found firmly united. 

Copper may likewise be plated by heating it, and burnishing leaf- 
silver upon it ; so may iron and brass. This process is called French 
Plating. 

To separate the silver from plated co/)per.— This process is applied 
to recover the silver from the plated metal, which has been rolled 
down for buttons, toys, 8cc withcmt destroying any large portion of 
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the copper. For this purpose, a menstruum is composed of 3 pounds 
of oil of vitriol, 1^ ounce of nitre, and a pound of water. The plated 
metal is boiled in it, till the silver is dissolved, and then the silver is 
recovered by throwing common salt into the solution. 
To plate iron, — ^Iron may be plated by three different modes. 
1st. By polishing the surface very clean and level with a burnisher ; 
and afterwards by exposing it to a blueing heat, a leaf of silver is 
properly placed and carefully burnished down. This is repeated till 
a sufficient number of leaves is applied, to give the silver a proper 
body. 

2d. By the use of a solder ; slips of thin solder are placed between 
the iron and silver, with a little flux, and secured together by bind- 
ing wire. It is then placed in a clear fire, and continued in it till the 
solder melts | when it is taken out, and on cooling is found to ad- 
here firmly. 

And 3d. By tinning the iron first, and uniting the silver by the in- 
termediate of slips of rolled tin, brought into fusion in a gentle heat. 
To tin copper and brass. — Boil six pounds of cream of tartar, four 
gallons of water, and eight pounds of grain tin, or tin shavings. 
After the materials have boiled a sufficient time, the substance to be 
tinned is put therein, and the boiling continued, when the tin is pre- 
cipitated in its metallic form. 

To tin iron and copper vessels, — Iron which is to be tinned, must 
be previously steeped in acid materials, such as sour whey, distillers* 
wash, &C.5 then scoured and dipped in melted tin, having been first 
rubbed over with a solution of sal-ammoniac. The surface of the tin 
is prevented from calcining, by covering it with a coat of fat. Cop- 
per vessels must be well cleansed ; and then a sufficient quantity of 
Un with sal-ammoniac is put therein, and brought into fusion^ and 
the copper vessel moved about. A little resin is sometimes added. 
The sal-ammoniac prevents the copper from scaling, and causes the 
tin to be fixed wherever it touches. Lately, zinc has been proposed 
for lining vessels instead of tin, to avoid the ill consequences which 
have been unjustly apprehend&d. 

To prepare the silver tree, — Pour into a glass globe or decanter, 
4 drachms of nitrate of silver, dissolved in a pound or more of dis- 
tilled water, and lay the .vessel on the chimney piece, or in some 
place where it may not be disturbed. Now pour in 4 drachms of 
mercury. In a short time the silver will be precipitated in the most 
beautiful arborescent form, resemblitig real vegetation. This has 
been generally termed the Arbor Dianae. 

To prepare the tin tree, — ^Into the sfeime or a similar vessel to that 
used in the last experiment, pour distilled water as before, and put in 
3 drachms of muriate of tin, adding 10 drops of nitric acid, and shake 
the vessel until the salt be completely dissolved. Replace the zinc, 
(which must be cleared from the effects of the former experiment, as 
before, and set the whole aside to precipitate without disturbance. 
In a few hours the effect will be similar to the last, only that the tree 
of tin will have more lustre. In these experiments, it is surprising 
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to observe the laminae shoot out as it were from nothings but this 
phenomenon seems to proceed from a galvanic action of the metals 
and the water. 

^ To prepare the lead ^rec— Put i an ounce of the super-acetate of 
lead in powder, into a clear glass globe or wine decanter, filled to the 
bottom of the neck with distilled water, and 10 drops of nitric acid, 
and shake the mixture well. Prepare a rod of zinc with a hammer 
and file, so that it may be a quarter of an inch thick and 1 inch long; 
at the same time form notches in each side for a thread, by which it 
is to be suspended, and tie the thread so that the knot shall be upper- 
most, when the metal hangs quite perpendicular. When it is tied, 
pass the two ends of the thread through a perforation in the cork, and 
let them be again tied over a small splinter of wood which may pass 
between them and the cork. When the string is tied, let the length 
between the cork and the zinc be such, that the precipitant (the zinc) 
maybe at equal distances from the side, bottom, and top of the ves- 
sel, when immersed in it. When all things are thus prepared, place 
the vessel in a place where it may not be disturbed, and introduce the 
zinc, at the same time fitting in the cork. The metal will very soon 
be covered with the lead, which it precipitates from the solution, 
and this will continue to take place until the whole be precipitated 
upon the zinc, which will assume the form of a tree or bush, whose 
leaves and branches are laminal, or plates of a metallic lustre. 

MetaUie waterings ar for hlanc Tnoire.— This article of Parisian 
invention, which is much employed to cover ornamental cabinet 
work, dressing-boxes, telescopes, opera glasses, &c. &c. is prepared 
in the following manner. 

Sulphuric acid is to be diluted with from seven to nine parts of 
water; then dip a sponge or rag into it, and wash with it the surface 
of a sheet of tin. This will speedily exhibit an appearance of crys- 
tallization, which is the moire. 

This effect, however, cannot be easily produced upon every sort 
of sheet tin, for if the sheet has been much hardened by hammering 
or rolling, then the moire cannot be effected until the sheet has been 
heated so as to produce an incipient fusion on the surface, after 
which the acid will act upon it, and produce the moire. Almost 
any acid will do as well as the sulphuric, and it is said, that the 
citric acid, dissolved in a sufficient quantity of ''water, answers bet- 
ter than any other. 

The moire may be much improved by employing the blow-pipe, to 
form small and beautiful specks on the surface of the tin, previous 
to the application of the acid. 

When the moir^ has been formed, the plate is to be varnished and 
polished, the varnish being tinted with any glazing colour, and thus 
the red, green, yellow, and pearl coloured moires are manufactured. 
Chinese sheet lead, — The operation is carried on by two men; 
one is seated on the floor with a lar^ flat stone before him, and with 
a movable flat stone-stand at his side. His fellow workman stands 
beside him with a crucible filled with melted lead; and having poured 
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.a certain quantity upon the stone, the other lifts the movahle stone, 
and dashing it on the fiaid lead, presses it out into a fiat and thin 
plate, which he instantly removes from the stone. A second quantity 
of lead is poured in a similar manner, and a similar plate formed, the 
process being carried on with singular rapidity. The rough edges 
of the plates are then cut off, and they are soldered together for use. 

Mr.Waddell has applied this method, with great success, to the 
formation of thin plates of zinc, for galvanic purposes. 

To phUe looking glasses. — This art is erroneously termed silver- 
ing, for, as will be presently seen, there is not a particle of sUver 
present in the whole composition. 

On tin-foil, fitly deposited on a fiat table, mercury is to be poured, 
and gently rubbed with a hare's foot; it soon unites itself with the 
tin, which then becomes very splendid, or, as the workmen say, b 
quickened. A plate of glass is then cautiously to be slid upon the 
tin^leaf, in such a manner as to sweep off the redundant mercury, 
which is not incorporated with the tin; lead weights are then to be 
placed on the glass, and, in a little time, the quicksilvered tin^foil 
adheres so firmly to the glass, that the weights may be removed 
without any danger of its falling off. The glass thus coated is a 
common looking-glass. About two ounces of mercury are sufficient 
for covering three square feet of g^ass. 

The success of this operation d^^ids much on the cleanness of 
the glassj and the least dirt or dust on its surface will prevent the 
adhesion of the amalgam or alloy. 

Liquid foil for silvering glass globes. — No. 1. 
1 oz. clean lead, 
1 oz. fine tin, 
I oz. bismuth, and 
10 oz. quicksilver. 
The lead and tin must be put into the ladle first, and so soon as 
melted the bismuth must be added. Skim off the dross, remove the 
ladle from the fire, and before it set;s, add the quicksilver: stir the 
whole carefully together, taking care not to breath over it, as the 
.fumes of the mercury are very pernicious. Pour this through an 
earthen pipe, into the glass globe, which turn repeatedly round. 

No. 2.' 2 parts mercury, 

1 part tin, 

1 part lead, and 

1 part bismuth. 

No. 3. , 4 oz. quicksilver, and 
tin-foil. 
The quantity of tin-foil to be added, is so much as will become 
barely fluid when muLed. Let the globe be clean and warm, and in- 
ject the quicksilver by means of a pipe at the aperture, turning it 
about tin it is silvered all over. Let the remainder run out, and 
hang the globe up. 
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LACQUERING. 

Lacquer for brass, 6 oz. seed lac, 

2 oz. amber or copal, ground dn porphyry, 
40 gr. of dragon's blood, 
30 gr. extract of red sandal wood, obtained by 

water, 
36 gr. of driental saffron, 
4 oz. of pounded glass, and 
40 oz. very pure alcohol. 
To apply this varnish to articles or ornaments of brass, expose them 
to a gentle heat, and dip them into varnish. Two or three coatings 
may be applied in this manner, if necessary. The varnish is durable, 
and has a beautiful colour. Articles varnished in this manner may 
be cleaned with water and a bit of dry rag. 

Lacquer for philosophical instruments.^-^This lacquer or varnish 
is destined to change, or to modify the colour of those bodies to 
which it is applied. 

1 oz. of gum guttae, 

2 oz. of gum sandarac, 
2 oz. of gum elemi, 

1 oz. of dragon*s blood, of the best quality, 

1 oz. of seed lac, 

f oz. of terra merita, 

2 grains of oriental saffron, 

3 oz. of pounded glass, and 
20 oz. of pure alcohol. 

The tincture of saffron and of terra merita, is first obtained by in- 
fusing them in alcohol for twenty-four hours, or exposing them to the 
heat of the sun in summer. The tincture must be strained through 
a piece of clean linen cloth, and ought to be strongly squeezed. This 
tincture is poured over the dragon's blood, the gum elemi, the seed 
lac, and the gum guttae, all pounded and mixed with the glass. The 
varnish is then made according to the directions before given. 

It may be applied with great advantage to philosophical instru- 
maits: the use of it might be extended, also, to various cast or 
moulded articles with which furniture is orflamented. 

If the dragon's blood be of the first quality, it may give too high 
a colour; in this case the dose may be lessened at pleasure, as well as 
hatt of the other colouring matters. 

It is with a similar kind of varnish that the artists of Geneva give 
a golden orange colour to the small nails employed to ornament 
watch-cases; but they keep the process very secret. A beautiful 
bright colour might be easily communicated to this mixture; ftt they 
prefer the orange colour, produced by certain compositions, the pre- 
paration of which has no relation to that of varnish, and which has 
been successfully imitated with saline mixtures, in which orpiment is 
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a principal ingredient. The nails arc heated before they are immersed 
in the varnish, and they are then spread out on sheets of dry paper. 
Gold-coloured lacquer^ for brass watch-cases^ watch-keys^ Sfc. 
6 oz. of seed lac, 
2 oz. of amber, 
2 oz. of gum guttae, 
24 gr. of extract of red sandal wood in water, 
60 gr. of dragon's blood, 
36 gr. of Oriental saffron, 
4 oz. of pounded glass, and 
36 oz. of pure alcohol. 
Grind the amber, the seed lac, gum gutts, and dragon's blood on 
a piece of porphyry; then mix them with the pounded glass, and add 
the alcohol, after forming with it an infusion of the saffron and an 
extract of the sandal wood. The varnish must then be completed 
as before. The metal articles destined to be covered by this varnish, 
are heated, and those which will admit of it, are immersed in packets. 
The tint of the varnish may be varied, by modifying the doses of the 
colouring substances. 

Lacquer of a less drying quality. 
4 oz. seed lac, 

4 oz. sandarac, or mastic, 
i oz. dragon's blood, 

36 gr. terra merita, 
36 gr. gum guttae, 

5 oz. pounded glass, 

2 oz. clear turpentine, 
32 oz. essence of turpentine 

Extract, by infusion, the tincture of the colouring substances, and 
then add the resinous bodies according to the directions for com- 
pound mastic varnish. 

Lacquer or varnishes of this kind are called changing, because, 
when applied to metals, such as copper, brass, or hammered tin, or 
to wooden boxes and other furniture, they communicate to them a 
more agreeable colour. Besides, by their contact with the common 
metals, they acquire a lustre which approaches that of the precious 
metals, and to which, in consequence of peculiar intrinsic qualities 
or certain laws of convention, a much greater value is attached. It 
is by means of these changing varnishes, that artists are able to com- 
municate to their leaves of silver and copper, those shining colours 
observed in foils. This product of industry becomes a source of 
prosperity to the manufacturers of buttons and works formed with 
foil, which, in the hands of the jeweller, contributes ¥rith so much 
success to produce that reflection of the rays of light, which doubles 
the lus^e and sparkling quality of precious stones. 

It isl.o varnish of this kind that we are indebted ft>r the manufac- 
ture of gilt leather, which, taking refuge in England, has given place 
to that of papier mache, which is employed for the decoration of pa- 
laces, theatres, &c. 
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In the last place, it is by the effect of a foreign tint obtained from 
the colouring part of saffron, that the scales of silver disseminated 
in confection d^ hyacinthe reflect a beautiful gold colour. 

The colours transmitted by different colouring substances require 
tones suited to the objects for which they are destined. The artist 
has it in his own power to vary them at pleasure. The addition of 
annatto to the mixture of dragon's blood, saffron, &c. or some changes 
in the doses of the mode intended to be made in colours. It is, there- 
fore, impossible to give limited formulae. 

To make lacquer of various tints. 
Infuse separately 

4 oz. gum guttae in 
32 oz. of essence of turpentine, 
1 oz. annatto, and 

4 oz. dragon's blood, also in separate doses of 
essence. 

These infusions may be easily made in the sun. After fifteen days* 
exposure, pour a certain quantity of these liquors into a flask, and 
by varying the doses different shades of colour will be obtained. 

These infusions may be employed also for changing alcoholic var«- 
nishes 5 but in this case, the use of saffron, as well as that of red 
sandal wood, which does not succeed with essence, will soon give the 
tone necessary for imitating, with other tinctures, the colour of gold. 

To bronze plaster Jigures.^^¥ or the ground, after it has been sized 
and j^ubbed down, take Prussian blue, verditer, and spruce ochre. 
Grind them separately in water, turpentine, or oil, according to the 
work, and mix them in such proportions as will produce the colour 
desired. Then g^ind Dutch metal in a part of this composition: 
laying it with judgment on the prominent parts of the figure, which 
produces a grand effect. 

To broKm gun barrets,-^ After the barrel is finished rub it over 
with aqiia-fortis, or spirit of salt, diluted with water. Tlien lay it 
by for a week, till a complete coat of oil is formed. A little oil is 
then to be applied, and after rubbing the surface dry, polish it with 
a hard-brush and a little bees* wax. 



VARNISHES. 

To make white copal varnish. — No. 1.— White oxide of lead, ceruse, 
Spanish white, white clay. Such of these substances as are prefer- 
red ought to be carefully dried. Ceruse and clays obstinately retain 
a great deal of humidity, which would oppose their adhesion to dry- 
ing oil or varnish. The cement then crumbles under the fingers, 
and does not assume a body. 

No. 2. — On 16 ounces of melted copaU pour 4, 6, or 8 ounces of 
linseed-oil, boiled and quite free from grease. When well mixed by 
repeated stirrings, and after they are pretty cool, pour In 16 ounces 
Voi,. II.— 3N 
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of the essence of Venice turpentine. Pass the varnish through a 
cloth. Amber varnish is made the same way. 

Black. — Lamp-black, made of burnt vine-tvrigs, and black of peach- 
stones. The lamp-black must be carefully vrashed, and afterwards 
dried. Washing carries off a great many of its impurities. 

Yellow. — ^Yellow oxide of lead of Naples and Montpellier, both re- 
duced to impalpable powder. These yellows are hurt by thecontact 
of iron and steel ; in mixing them up, therefore, a horn spatula with 
a glass mortar and pestle must be employed. 

Gum guttx, yellow ochre, or Dutch pink, according to the nature 
and tone of the colour to be imitated. 

i?/tie.-— Indigo, prussiate of iron, (Prussian blue), blue verditer, 
and ultra-marine. All these substances must be very much divided. 
Green.— Verdigris, crystallized verdigris, compound green, (a 
mixture of yellow and blue.) The first two require a mixture of 
white in proper proportions, from a fourth to two-thirds, according 
to the tint intended to be given. The white used for this purpose is 
ceruse, or the white oxide of lead, or Spanish white, which is less 
solid, or white of Moudon. 

£e(^*— Red sulphurated oxide of mercury, (cinnabar vermilion.) 
Red oxide of lead, (minium,) different red ochres, or Prussian 
reds, kc. 

Purple. — Cochineal, carmine, and carminated lakes, with ceruse 
and boiled oil. 

Brick red. — Dragon's blood. ^ 

Chamois eo/otir.—- Dragon's blood with a paste composed of flow- 
ers of zinc, or, what is still better, a little red vermilion. 

Fso/e^.— Red sulphurated oxide of mercury, mixed with lamp-black, 
washed very dry, or with the black of burnt vine-twigsj and to ren- 
der it mellower, a proper mixture of red, blue, and white. 

Pearl grey. — White and black $ white and blue | for example, 
ceruse and lamp-black ; ceruse and indigo. 

Itaxen grey. — ^Ceruse, which forms the ground of the paste, mix- 
ed with a small quantity of Cologne earth, as much English red, or 
carminated lake, which is not so durable, and a particle of prussiate 
of iron, (Prussian-blue.) 

To make varnishes for violins^ ^c. — To a gallon of rectified spirit 
of wine, add six ounces of gum sandarac, three ounces of gum mas- 
tich, and half a pint of turpentine varnish. Put the whole into a tin 
can, which keep in a warm place, frequently shaking it, for twelve 
days, until it is dissolved. Then strain, and keep it K>r use. 

To dissolve elastic gum^ <^c.— M. Gossart, by an ingenious method, 
succeeded in forming India rubber into elastic tubes. Cut a bottle 
of the gum circularly, in a spiral slip, of a few lines in breadth $ 
then plunge the whole of the slip into vitriolic ether, till it becomes 
softened ; half an hour is generally sufi&cient for this purpose. The 
slip is then taken out of the liquid, and one of the extremities applied 
to the end of a mould, first rolling it on itself, and pressing it, thea 
mounting spirally along the cylinder, taking care to lay over and 
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compress with the hand every edge, one against the other, so that 
there may not be any vacant space, and that all the edges may join 
exactly 5 the whole is then to be bound hard with a tape of an incli 
in width, taking care to turn it the same way with the slip of caout- 
chouc. Over the tape packthread is to be applied, in such a ttian-J 
ner that, by every turn of the thread joining another, an equal pres- 
sure is given to every part. It is then left to dry, and the tube is 
made. In removing the bandage, great care must be taken that 
none of the outward surface, which may have lodged within the in- 
terstices of th« tape, (of which the caoutchouc takes the exact im- 
pression,) may be pulled asunder* If it be found difficult to with«^ 
draw the mould, it may be plunged into hot M'ater. If the mould 
were previously smoked or rubbed with chalk, it might be removed 
with less difficulty. Polished metallic cylinders are the most eligible 
moulds for this purpose. As solvents, oils of turpentine and laven- 
der may be employed, but both are much slower of evaporating than 
ether, and the oil of turpentine, particularly, appears always to havfe 
a kind of stickiness. Nevertheless, there is a solvent which has not 
that inconvenience, is cheaper, and may easily be procured by every 
one, viz. water. Proceed in the same manner as with ether. The 
caoutchouc is sufficiently prepared for use when it has been a quai^ 
ter of an hour in boiling water: by this time its edges are sometimes 
transparent. It is to be turned spk*ally round the mould, and re* 
plunged frequently into the boiling water, during the time employed 
in forming the tube.- When the whole is bound with packthread, it 
is to be kept some hours in boiling water, after which it is to be dried, 
still keeping on the binding. This method may be successfully em- 
ployed in forming the larger sort of tubes, and in any other instru- 
ments, but it would be impracticable to make the small tubes in this 
way. 

Oil of lavender, of turpentine, and of spikenard, dissolve elastic 
gum, with the assistance of a gentle heat 5 but a mixture of volatile 
oil and alcohol forms a better solvent for it than oil alone, and the 
varnish dries sooner. If boiled in a solution of alum in water, it is 
rendered softer than in water alone. Yellow wax, in a state of ebul- 
lition, may be saturated with it, by putting it, cut in small pieces, 
gradually into it. By this means a pliable varnish is formed, which 
may be applied to cloth with a brush, but it still retains a clamminess. 
7h Make caoutchouc varnish. 

16 oz. of caoutchouc, or elastic resin, 
16 oz* boiled linseed-oil, and 
16 oz. of essence of turpentine. 
Cut the caoutchouc into thin slips, and put them into a matrass 
placed in a very hot sand-bath. When the matter is liquefied, add 
the linseed-oil in a state of ebullition, and then the essence warm. 
When the varnish has lost a great part of its heat, strain it through 
a piece of linen, and preserve it in a wide-mouthed bottle. This 
Tarnish dries very slowly, a fault which is owing to the peculiar na- 
ture of the caoutchouc. 
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The invention of air balloons led to the idea of applying caout- 
chouc to the composition of varnish. It was necessar^ to have a var- 
nish which should unite great pliability and consistence. No varnish 
seemed capable of corresponding to these views, except that of caout- 
chouc, but the desiccation of it is exceedingly tedious. 

To make varnish for silksy ^c— -To one quart of cold-drawn lin- 
seed-oil, poured off from the lees, (produced on the addition of un- 
slacked lime, on which the oil has stood eight or ten days at the 
least, in order to communicate a drying quality,— or brown umber, 
burnt and powdered, which will have the -like efifecl,) and half an 
ounce of litharge ; boil them for half an hour, then add half an ounce 
of the copal varnish. While the ingredients are on the fire, in a 
copper vessel, put in one ounce of chios turpentine, or common resiu, 
and a few drops of neatsfoot*oil, and stir the whole with a knife | 
when cool, it is ready for use. The neatsfoot-oil prevents the var- 
nish from being sticky or adhesive, and may be put into the linseed- 
qi\ at the same time with the lime^ or burnt umbei*. Resin or chios 
turpentine may be added, till the varnish has attained the desired 
thickness. 

The longer the raw linseed-oil remains on the un^lacked. lime or 
uipber, the sooner will the oil dry after it is used ; if som^ months^ so 
much the better : such varnish will set, that is to say, not run* but 
keep its place on the silk in four hours; the silk may then be turned, 
and varnished on the other side* 

To make pliable varnish forumbreHas.'^Tsikt aijy quantity of caout- 
chouc, as. ten or twelve ounces, cut into small bits with a pair of 
scissors, and put a strong iron ladle, (such as that in which pain ters^ 
plumbers, or glaziers melt their lead,) over a common pit-coal or 
other fire; which must be gentle, glowing, and without stroke. When 
the ladle is hot, put a single bit into it: if black smoke issues, it wiU 
presently fiame and disappear, or it will evaporate without flame ; 
the ladle is then too hot. When the ladle is less hot, put in a second 
bit, which will produce a white smoke; this white smoke will conti- 
nue during the operation, and evaporate the caoutchouc | therefore no 
time is to be lostj but little bits are to be put in, a few at a time, till 
the whole are melted 5 it should be continually and gently stirred with 
an iron or brass spoon. The instant the smoke changes from white 
to black, take off the ladle, or the whole will break outinto a violent 
flame, or be spoiled, or lost. Care must be taken that no water be 
added, a few drops only of which would, on account of its expansi- 
bility, make it boil over furiously and with gi^at noise; at this period 
of the process, 2 pounds or 1 quart of the best drying oil is to be put 
into the melted caoutchouc, and stirred till hot, and the whole pour- 
ed into a glazed vessel through a coarse gauze, or wire sieve- When 
settled and clear, which will be in a few minutes, it is fit for use, 
either hot or cold. 

The silk should be always stretched horizontally bypins or tenter- 
hooks on frames: (the greater they are in length the better,) and the 
varnish poured on cold in hot weather, and Iwt in cold weather. It 
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is perhaps best always to lay it on when cold. The art of layings it 
on properly, consists in making no intestine motion in the varnishi 
which would create minute bubbles, therefore brushes of every kind 
are improper, as each bubble breaks in drying, and forms a small 
hole, through which the air will transpire. 

This varnish is pliant, unadhesive,>and unalterable by weather. 

Varnish used for Indian shields. — Shields made at Silhet, in Ben- 
al, are not^d throughout India for the lustre and durability of the 
lack varnish with whi6h they are covered 5 Silhet shields constitute, 
therefore, no inconsiderable article of traf&c, being in request among 
natives who carry arms, and retain the ancient predilection for the 
scimitar and buckler. The varnish is composed of the expressed 
juice of the marking nut, Semecarpus Anacardium^ and that of an- 
other kindred fruit, Holigama Longifolia. 

The shell of the Semecarpus Anacardium contains between its 
integuments numerous cells, filled with a black, acrid, resinous 
juice 5 which likewise is found, though less abundantly, in the wood 
of the tree. It is commonly employed as an indelible ink, to mark 
all sorts of cotton cloth. The colour is fixed with quick lime. The 
cortical part of the fruit of Holigama Longifolia likewise contains 
between its laminse numerous cells, filled with a black, thick, acrid 
fluid. The natives of Malabar extract by incision, with which they 
varnish targets. 

To prepare the varnish according to the method practised in Silhet, 
the nuts of the Semecarpus Anacardium^ and the berries of the Holt" 
garna Longifolia, having been steeped for a month in clear water, 
are cut transversely, and pressed in a mill. The expressed juice of 
each is kept for several months, taking off the scum from time to 
time. Afterwards the liquor is decanted, and two parts of the one 
are added to one part of the other, to be used as varnish. Other 
proportions of ingredients, are sometimes employed : hut in all the 
resinous juice of the Semecmrf^s predominates. This varnish is laid 
on like paint, and when dry is polished by rubbing it with an agate, 
or smooth pebble. This varnish also prevents destruction of wood, 
&c. by the white ant. 

To give a drying quality to poppy-oil. 
3 lb. of pure water, 

1 oz. of sulphate of zinc, (white vitriol,) and 

2 lb. of oil of pinks, or poppy-oil. 

Expose, this mixture in an earthen vessel capable of standing the 
fire, to a degree of heat sufficient to maintain it in a slight state of 
ebullition. When one-half 4>r two-thirds of the water has evaporated, 
pour the whole into a large glass bottle or jar, and leave it at rest 
till the oil becomes clear. Decant the clearest part by means of a 
glass funnel, the beak of which is stopped by a piece of cork : when 
the separation of the oil from the water is completely effected, re- 
move the cork stopper^ and supply its place by the fore-finger, which 
must be applied in such a manner as to suffer the water to escape, 
and to retain^'Oiily the oiL 
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Poppy-oil when prei^red in this manner becomes, after tome 
weeksf exceedingly limpid and colourless. 
To give a drying quality to fat oik. 
No. 1. — 8 lb. nut-oil, or linseed-oil, 

1 OE. white lead, slightly calcined, , 

1 oz. yellow acetate of lead, (sal satumi,) also cal- 
cined, 
1 oz. sulphate of zinc, (white vitriol,) ' * 
12 oz. vitreous oxid« of lead, (litharge,) and 
a head of garlic, or a small onion. 
When the dry substances are pulverized, mix them with the garlic 
and oil, over a fire capable of maintaining the oil in a slight sute of 
ebullition : continue it till the oil ceases to throw up scum, till it 
assumes a reddish colour, and till the head of garlic becomes brown. 
A pellicle will then be soon formed on the oil, which indicates that 
the operation is completed. Take the vessd from the fire, and the 
pellicle, being precipitated by rest, will carry with it all the unctuous 
parts which rendered the oil fat. When the oil becomes clear, sepa- 
rate it from the deposit, and put it into wide-mouthed bottles, where 
h will completely clarify itself in time, and improve in quality. 
No. 2.*— -1| oz. of vitreous oxide of lead, (litharge,) 
I oz. sulphate of zinc, (white vitriol,) and 
16 oz. linseed, or nut-oil. 
The operation must be conducted as in the preceding case. 
The choice of the oil is not a matter of indifference. If it be 
destined for painting articles exposed to the impression of the exter- 
nal air, or for delicatepainting, nut-oil or poppy-oil will be requisite. 
Linseed-oil is used for coarse painting, and that sheltered from tte 
effects of the rain and of the sun. 

A little negligence in the management of the fire has often an in- 
fluence on the colour of the oil, to which a drying quality is commu- 
nicated ; in this case it is not proper fer-delicate painting. This in- 
convenience may be avoided by tying up the drying matters in a 
small bag ; but the dose of the Utharge must then be doubled. The 
bag must be suspended by a piece of pack-thread fastened to a stick, 
which is made to rest on the edge of the vessel in such a manner as 
to keep the bag at the distance of an inch from the bottom of the 
vessel. A pellicle wiU be formed as in the first operation, but it 
will be slower in making its appearance. 

No. 3.— -A drying quality may be oommunicated to oil by treating, 
in a heat capable of maintaining a slight ebullition, linseed, or nut- 
oil, to each pound of which is added 3 os. of vitreous oxide of lead, 
(litharge,) reduced to fine powder. 

The preparation of floor-cloths, and all paintings of large figures 
or ornaments, in which argillaceous colours, such as yellow and red 
boles, Dutch pink, &c. are employed, require this kind of prepara- 
tion, that the desiccation may not be too slow ; but painting for which 
metallic oxides are used, such as preparations of lead, copper, Sec. 
require only the doses before indicated, l^eoiuse these oxides contain 
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a great deal of oxygen, and the oil, by their contact, acquires more 
of a drying quality. 

No. 4.-— 2 lbs. of nut-oily 

3 lbs. of common water, and 

2 oz. of sulphate of zinc, (white vitriol.) 

Mis these matters, and subject them to a slight ebullition, till little 
water remains. Decant the oil, which will pass over with a small 
quantity of water, and separate the latter by means of a funnel. The 
oil remains nebulous for some time ; after which it becomes clear, 
and seems to be very little coloured. 

No. 5.-6 lbs. of nut-oil, or linseed-oil, 

4 lbs. of common water, 

1 oz. of sulphate of zinc, and 

1 head of garlic. 
Mix these matters in a large iron or copper pan ; then place them 
over the fire, and maintain the mixture in a state of ebullition during 
the whole day : boiling water must from time to time be added to 
make up for the losa of that by evaporation. The garlic will assume 
a brown appearance. Take the pan from the fire, and having suf- 
fered a deposit to be formed, decant the oil, which will clarify itself 
in the vessels. By this process the drying oil is rendered somewhat 
more coloured : it is reserved for delicate colours. 

Resinous drying ot^— Take 10 lbs. of drying nut-oil, if the paint is 
destined for external, or 10 lbs. of drying linseed-oil, if for internal 
articles. 

3 lbs. of resin, and 
6 oz. of turpentine. 

Cause the re9in to dissolve, the oil by means of a gentle heat. 
When dissolved and incorporated with the oil, add the turpentine : 
leave the varnish at rest, by which means it will often deposit por- 
tions of resin and other impurities ; and then preserve it in wide- 
mouthed bottles. It must be used fresh $ when sufiered to grow old 
it abandons some of its resin. If this resinous oil assumes too much 
consistence, dilute it with a little essence, if intended for articles 
sheltered from the sun, or with oil of poppies. 

In Switzerland) where the principal part of the mason's work con- 
sists of stones subject to crumble to pieces, it is often found neces- 
sary to give them a coating of oil paint, to stop the effects of this 
decomposition. This painting has a great deal of lustre^ and when the 
last coating is applied with resinous oil, it has the effect of a varnish. 
To give it more d^rabiUty, the first ought to be applied exceedingly 
warm and with plain oil, or oil very little charged with the grey 
colour, which is added to the two following: 

Fat coped varnish. 

16 oz. of picked copal, 

8 oz. of prepared linseed oil, or oil of poppiet^ and 
16 oz. of essence of turpentine. 

laquefy the copal in a matrass over a common fire, and then add 
the linseed-oil, or oil of poppies, in a state of ebullition $ when these 
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matters are incorporated, take the matrass from the fire, stir the mat- 
ter till the greatest heat is subsided, and then add the essence of 
turpentine warm. Strain the whole, while still warm, through a 
piece of linen, and put the varnish into a wide-mouthed bottle. Time 
contributes towards its clarification 5 and in this manner it acquires 
a better quality. 

Varnish for watch-cases , in imitation of tortoise-shell, 

6 oz. of copal of an amber colour, 

li oz. Venice turpentine, 
24 oz. prepared linseed-oil, and 

6 oz. essence of turpentine. 
It is fcustomary to place the turpentine over the copal, reduced to 
small fragments, in the bottom of an earthen or metal vessel, or in a 
matrass exposed to such a heat as to liquefy the copal : but it is more 
advantageous to liquefy the latter alone, to add the oil in a state of 
ebullition, then the turpentine liquefied, and in the last place, the 
essence. If the varnish is too thick, some essence may be added. 
The latter liquor is a regulator for the consistence in the hands of an 
artist. 

To make a colourless copal varnish. — As all copal is not fit for this 
purpose, in order to ascertain such pieces as are good, each must be 
taken separately, and a single drop of pure essential oil of rosemary, 
not altered by keeping, must be let fall on it. Those pieces which 
soften at the part that imbibes the oil are good; reduce them to 
powder, which sift through a very fine hair sieve, and put it into a 
glass, on the bottom of which it must not lie more than a finger's 
breadth thick. Pour upon it essence of rosemary to a similar height; 
stir the whole for a few minutes, when the copal will dissolve into a 
viscous fluid. Let it stand for two hours, and then pour gently on it 
two or three drops of very pure alcohol, which distribtite over the 
oily mass by inclining the bottle in different directions with a very 
gentle motion. Repeat this operation by little and little, till the in- 
corporation is effected, and the varnish reduced to a proper degree 
of fluidity. It must then be left to stand a few days, and, when very 
clear, be decanted off. This varnish, thus made without heat, may 
be applied with equal success to pasteboard, wood, and metals, and 
takes a better polish than any other. It may be used on painting^s, 
the beauty of which it greatly heightens. 
Oold'Coloured copal varnish. 

1 oz. copal in powder, 

^ oz. essential oil of lavender, and 

6 oz. essence of turpentine. 
Put the essential oil of lavender into a matrass of a proper size, 
placed on a sand-bath, heated by an Argand's lamp, or over a mode- 
rate coal-fire. Add to the oil while very warm, and at several times, 
the copal powder, and stir the mixture with a stick of white wood, 
rounded at the end. When the copal has entirely disappeared, add 
at three different times the essence almost in a state of ebullition, 
and keep continually stirring the mixture. When the solution is 
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completed, the result will be a yamish of a gold colour, exceedingly 
durable and brilliant, but less drying than the preceding. 

No. 3. — To obtain this varnish colourless, it will be proper to rec- 
tify the essence of the*shops, which is often highly coloured, and to 
give it the necessary density by exposure to the sun in bottles closed 
with cork stoppers, leaving an interval of some inches between the 
stopper and the surface of the liquid. A few months are thus suffi- 
cient to communicate to it the required qualities. Besides, the essence 
of the shops is rarely possessed of that state of consistence, without 
having at the same time a strong amber colour. 

The varnish resulting from the solution of copal in oil of turpentine, 
brought to such a state as to produce the maximum of solution, is ex- 
ceedingly durable and brilliant. It resists the shock of hard bodies 
much better than the enamel of toys, which often become scratched 
and whitened by the impression of repeated friction ; it is applied 
with the greatest success to philosophical instruments, and the paint- 
ings with which vessels and other utensils of metal are decorated. 
No. 3. — 4 oz. copal, and 

1 oz. clear turpentine. 

Put the copal, coarsely pulverized, into a varnished pot, and give 
it the form of a pyramid, which must be covered with turpentine. 
Shut the vessel closely, and placing it over a gentle fire, increase the 
heat gradually, that it may not attack the copal ; as soon as the mat- 
ter is well liquefied, pour it upon a plate of copper, and when it has 
resumed its consistence reduce it to powder. 

Put half an ounce of this powder into a matrass with four ounces 
of the essence of turpentine, and stir the mixture till the solid mat- 
ter is entirely dissolved. 

Camphorated copal t>ami«A.— This varnish is destined for articles 
which require durability, pliableness, and transparency, such as the 
varnished wire-gauze, used in ships instead of glass. 
2 oz. of pulverized copal, 
6 oz. of essential oil of lavender, 
i of an oz. of camphor, and 
essence of turpentine, a sufficient quantity, accord- 
ing to the consistence required to be given to 
the varnish. 

Put into a phial of thin glass, or into a small matrass, the essen- 
tial oil of lavender and the camphor, and place the mixture on a 
moderately open fire, to bring the oil and the camphor to a slight 
state of ebullition ; then add the copal powder in small portions, 
which must be renewed as they disappear in the liquid. Favour the 
solution by continually stirring it with a stick of white wood 5 and 
when the copal is incorporated with the oil, add the essence of tur- 
pentine boiling: but care must be taken to pour in, at first, only a 
small portion. 

This varnish is little coloured, and by rest it acquires a transpa- 
rency which, united to the solidity observed in almost every kind of 
copal varnishes, renders it fit to be applied with great success in many 
Vol. II.— 2 O 
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cases, and particularly in the ingenious invention of substituting 
varnished metallic gauze in the room of Muscovy talc, a kind of 
mica, in large laminse, used for the cabin windows of ships, as pre- 
senting more resistance to the concussion of the air during the firing 
of the guns. Varnished metallic gause of this kind is manufactured 
at RouCT. 

Ethereal mfid varnish. — i oz* of amberry copal, and 

2 oz. of ether. 

Reduce ^xt copal to a very fine powder, and introduce it by small 
portions into the flask which contains the ether ; close the flask with 
a glass or cork stopper, and having shaken the mixture for half an 
hour, leave it at rest till the next morning. In shaking the flask, if 
the sides become covered with small undulations, and if the liquor be 
not exceedingly clear, the solution is not complete. In this case, add 
a little ether, and leave the mixture at rest. The varnish is of a 
light lem«n colouK The largest quantity of copal united to ether 
may be a fourth and the least a fifth. The use of copal varnish made 
with ether, seems, by the expense attending it, to be confined to re- 
pairing those accidents which frequently happen to the enamel of 
toys, as it will supply the place of glass to the coloured varnishes, 
employed for mending fractures, or to restoring the smooth surface 
of paintings which have been cracked and shattered. 

The great volatility of ether, and in particular its high price, do 
not aUow the application of this varnish to be recommended, but for 
the purpose here indicated. It has been applied to wood with com- 
plete success, and the glazing it produced, united lustre to solidity. 
In consequence of the too speedy evaporation of the liquid, it often 
boils under the brush. Its evaporation, however, may be retarded, 
by spreading over the wood a slight stratum of essential oil of rose- 
mary, or lavender, or even of turpentine, which may afterwards be 
removed by a piece of linen rag ; what remains is sufiGicieut to retard 
the evaporation of the ether. 

Thirpentine copal varnish. 

Is oz. of copal, of an amber colour, and in powder, and 
8 oz. of best oil of turpentine. 

Expose the essence to a balneum marise, in a wide-mouthed matrass 
with a short neck ; as sooii as the water of the bath begins to boil, 
throw into the essence a large pinch of copal powder, and keep the 
matrass in a state of circular motion. When the powder is incor- 
porated with the essence, add new doses to it; and continue in this 
manner till you observe that there is formed an insoluble deposit. 
Then take the matrass from the bath, and leave it at rest for some 
days. Draw off the clear varnish, and filter it through cotton. 

At the moment when the first portion of the copal is thrown into 
the essence, if the powder precipitate itself under the form of lumps, 
it is needless to proceed any further. This effect arises from two 
causes: either the essence does not possess the proper degree of 
concentration, or it has not been sufficiently deprived of water. Ex- 
posure to the sun, employing the same matrass, to which a cork 
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stopper ought to be added, will give it the qualities requisite for the 
solution of the copal. This effect will be announced by the disap- 
pearance of the portion of copal already put into it. 

Another copal varnish. 

3 oz. of copal, Hqueied, and | 

20 OB. of essence of turpenthie. 

Place the matrass containing the oil in a balfieum maris^ and when 
the water boils add the pulverized copal in small doses. Keep stir- 
ring the mixture, and add no more copal till the forper be incorpo- 
rated with the oil. If the oil, in consequence of its particular dispo- 
sition, can take up three ounces of it, add a littte mere ; but stop, 
if the liquid becomes nebulous, and leare the varnish at rest. If it 
be too thick, dilute it with a little warm essence, after hating heated 
it in the balneum marine. When cold, filter it through cotton, and 
preserve it in a clean bottle. 

This varnish has a good consistence, and is as free from colour as 
the best alcoholic varnish. When extesded in one stratum over 
smooth wood, which has undergone no preparation, it forms a very 
brilliant glazing, which, in the course of two days, in summer, ac- 
quires all the solidity that may be required. 

The facility which attends the preparation of this varnish by the 
new method here indicated, will admit of its being applied to all 
coloured grounds which reqdlre solidity, pure whites alone excepted; 
painted boxes, therefore, attd all small articles, coloured or not co- 
loured, whenever it is required to make the veins appear in all the 
richness of their tones, caU for the application of this varnish, which 
produces the most beautiful effect, and which is more durable than 
turpentine varnishes composed with other resinous substances. 

/te amber varnish. 

16 oz. of amber, coarsely powdered, 
2 oz. of Venice turpentine, or gum lac, 
10 oz. of prepared linseed-oil, and 
16 oz. of essence of turpentine. 

The circumstances of the process are the same as those prescribed 
for the preparation of the camphorated copal varnish. 

This varnish was foniMrly much used ; but it has given place, in 
part, to that of copal, which is preferred on account of its being less 
coloured. Watin introduces more essence and less linseed-oil ; ex- 
perience and long practice are the only authority on which I recomr 
mend the adoption of the present formula. 

Amber varrdsh with essence of twrpentine. 

6 or 7 OK. of liquefied amber, and separated from 
the oily portions which alter its consistence. 
Reduce the amber to powder, and if the operation of pounding forms 
it into a paste, break it with your fingers: then mix it with the 
essence, and heat the whole in a balneum mariae. It will speedily 
dissolve, and the essence will take up, at the least, a fourth part of 
its weight of the prepared amber. 

When one coating of it is applied to white smooth wood, but 



308 APPENDIX. 

without any preparation, it forms a very pure and very durable glaz- 
ing, which speedily dries, but slower than copal varnish. 
Fat ambety or copal varnish. 

4 oz. of amber or copal, of one fusion, 
10 oz. of essence of turpentine, and 
10 oz. of drying linseed-oil. 
Put the whole into a pretty large matrass, and expose it to the heat 
of a balneum mariee, or move it over the surface of an uncovered 
chafl&ng-dish, but without flame, and at the distance from it of two 
or three inches. When the solution is completed, add still a little 
copal oramlier to saturate the liquid $ then pour the whole on a filter 
prepared with cotton, and leave it to clarify by rest. If the varnish 
is too thick, add a little warm essence to prevent the separation of 
any of the amber. 

This varnish is coloured, but far less so than those composed by 
the usual methods. When spread over white wood, without any 
preparation, it forms a sottd glazing, and communicates a slight tint 
to the wood. 

If it be required to charge this varnish with more copal, or pre- 
pared amber, the liquid mttst be composed of two parts of essence 
for one of oil. 

Compound mastic varnish. 

32 oz. of pure alcoMbl, 
6 oz. of purified tnastic, 
3 oz. of gum sandarac, 

3 oz. of very clear Venice turpentine, and 

4 oz. of glass, coarsely pounded. 

Reduce the mastic and sandarac to fine powder ; mix this powder 
with white glass, from which the finest parts have been separated by 
means of a hair sieve ; put all the ingredients, with alcohol, into a 
short-necked matrass, and adapt to it a stick of white wood, rounded 
at the end, and of a length proportioned to the height of the matrass, 
that it may be put in motion. Expose the maUrass in a vessel filled 
with water, made at first a little warm, and which must afterwards 
be maintained in a state of ebullition for one or two hours. The 
matrass may be made fast to a ring oC straw* 

When the solution seems to be sufficiently extended, add the tur- 
pentine, which must be kept separately in a phial or a pot, and which 
must be melted, by immersing it for a moment in a balneum mariae. 
The matrass must be still left in the water for half an hour, at the 
end of which it is taken off; and the varnish is continually stirred 
till it is somewhat cool. Next day it is to be drawn off, and filtered 
through. cotton. By these means it will become exceedingly limpid. 

The addition of glass may appear extraordinary; but this substance 
divides the parts of the mixture, which have been made with the dry 
ingredients, and it retains the same quality when placed over the fire. 
It therefore obviates with success two inconveniences, which are 
exceedingly troublesome to those who compose varnishes. In the 
first place, by dividing the matters, it facilitates the action of the 
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alcohol i and in the second its weight, which surpasses that of resins, 
prevents these resins from adhering to the bottom of the matrass, and 
also the coloration acquired by the varnish when a sand-bath is em- 
ployed, as is commonly the case. 

The application of this varnish is suited to articles belonging to the 
toilette, such as dressing-boxes, cut paper-works, &c. The following 
possess the same brilliancy and lustre 5 but they have more solidity, 
and are exceedingly drying. 

Camphorated mastic varnish for paintings. 

12 oz. of mastic, cleaned and washed. 
1^ oz. of pure turpentine, 
i oz. of camphor, 
5 oz. of white glass, pounded, and 
36 oz. of etherous essence of turpentine. 
Make the varnish according to the method indicated for compound 
mastic varnish of the first genus. The camphor is employed in pieces, 
and the turpentine is added when the solution of the resin is com- 
pleted. But if the varnish is to be applied to old paintings, or paint- 
ings which have been already varnished, the turpentine may be sup^ 
pressed, as this ingredient is here recommended only in cases of a 
first application to new paintings, and just freed from white of egg 
varnish. 

The etherous essence recommended for varnish, is that distilled 
slowly, without any intermediate substance, according to the second 
process already given for its rectification. 

The question by able masters, respecting the kind of varnish pro- 
per to be employed for paintings, has never yet been determined. 

Some artists, who have paid particular attention to this object, 
make a mystery of the means they employ to obtain the desired effect. 
The real end may be accomplished by giving to the varnish, destined 
for painting, pliability and softness, without being too solicitous in 
regard to what may add to its consistence or its solidity. The latter 
quality is particularly requisite in varnishes which are to be applied 
to articles much exposed to friction, such as boxes, furniture. &c. 

To make painter^s cream. — Painters, who have long intervals be- 
tween their periods of labour, are accustomed to cover the parts they 
have painted with a preparation which preserves the freshness of the 
colours, and which they can remove when they resume their work. 
This preparation is as follows : 
3 oz. very clear nut-oil, 
i oz. mastic in tears, pulverized, and 
i oz. sal. saturni, in powder, (acetate of lead.) 
Dissolve the mastic oil over a gentle fire, and pour the mixture into 
a marble mortar, over the pounded salt of lead ; stir it with a wooden 
pestle, and add water in small quantities, till the matter assume the 
appearance and consistence of cream, and refuse to admit more water. 

Sandarac varnish. 

8 oz. gum sandarac, 
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3 oz. pooBded mastic, 

4 oz. clear turpentinei 

4 oz. pounded glass, and 
32 oz. alcohol. 
Mix, and dissolve as before. 
Compound aandarac vamiafi. 

3 oz. pounded copal of an amber colour, once liquefied, 
6 oz. gum sandarac, 

3 oz. mastic, cleaned, 
2i oz. clear turpentine, 

4 oz. pounded glass, and 
32 oz. pure alcohol. 

Mix these ingredients, and pursue the same method as above. 

This varnish is destined for articles subject to friction, such as 
furniture, chairs, fan-sticks, mouldings. See. and even metals, to which 
it may be applied with success. The sandarac gives it great dura- 
bility. 

CamphoriUed Bcmdarac varnish for cut paper'toorkt^ dressing* 
boxesj fyc. 

No. 1.^^ oz. gum sandarac, 
4 oz. gum elemi, 
1 oz. gum anima, 

1 oz. camphor, 

4 oz. pounded glass, and 
32 oz. pure alcohol. 
Make the varnish according to the directions already given. The 
soft resins must be pounded with the dry bodies. The camphor is to 
be added in pieces. 

No. 3.—- 6 oz. gallipot, or white incense, 
2 oz. gum anima, 
2 oz. pounded glass, and 
32 oz. alcohol. 
Make the varnish vrith the precautions indicated for the compound 
mastic varnish. 

The two last varnishes are to be used for ceilings and wainscots, 
coloured or not coloured : they may even be employed as a covering 
to parts painted with strong colours. 

Spirihums sandarac varnish for wamseotiingj small arrides of 
fumihire^ balustrades^ and inside railing. 
No. 1 . — 6 oz. of gum sandarac, 

2 oz. of shell lac, 

4 oz. of colophonium, or resin, 
4 oz. of white glass powdered, 
4 oz. of clear turpentine, and 
32 oz. of pure alcohol. 
Dissolve the varnish according to the directions given for com- 
pound mastic varnish. 
This varnish is sufficiently durable to be applied to articles destined 
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to daily and continual use. Varnishes composed with copal ought, 
however, in these cases to be preferred. 

No. 2. — There is another composition which, without forming part 
of the compound varnishes, is employed with success for giving a 
polish and lustre to furniture made of wood : wax forms the basis 
of it. 

* Many cabinet-makers are contented with waxing common furniture, 
such as tables, chest of drawers, &c. This covering, by means of 
repeated friction, soon acquires a polish and transparency which re- 
sembles those of varnish. Waxing seems to possess qualities pecu- 
liar to itself; but, like varnish it is attended with inconvenience^ as 
well as advantages. 

Varnish supplies better the part of glazing ; it gives a lustre to the 
wood which it covers, and heightens the colours of that destined, in 
particular, for delicate articles. These real and valuable advantages 
are counterbalanced by its want of consistence ; it yields too easily 
to the shrinking or swelling of the wood, and rises in scales, or slits, 
on being exposed to the slightest shock. These accidents can be re- 
paired only by new strata of varnish, which render application to the 
vamisher necessary, and occasion trouble and expense. 

Waxing stands shocks; but it does not possess, in the same degree 
as varnish, the property of giving lustre to the bodies on which it is 
applied, and of heightening their tints. The lustre it communicates 
is dull, but this inconvenience is compensated by the facility with 
which any accidemt that may have altered its polish can be repaired, 
by rubbing it with a piece of fine cork. There are some circum- 
stances, therefore, under which the application of wax ought to be 
preferred to that of varnish. This seems to be the case in particular 
with tables of walnut-tree wood, exposed to daily use, chairs, mould- 
ings, and for all small articles subject to constant employment. 

But as it is of importance to make the stratum of wax as thin as 
possible, in order that the veins of the wood may be more apparent, 
the following process will be acceptable to the reader. 

Melt over a moderate fire, in a very clean vessel, two ounces of 
white or yellow wax; and, when liquefied, add four ounces of 
good essence of turpentine. Stir the whole until it is entirely cool, 
and the result will be a kind of pomade fit for waxing furniture, and 
which must be rubbed over them according to the usual method. 
The essence of turpentine is soon dissipated; but the wax, which by 
its mixture is reduced to a state of very great division, may be ex- 
tended with more ease, and in a more uniform manner. The es- 
sence soon penetrates the pores of the wood, calls forth the colour of 
it, causes the wax to adhere better, and the lustre which thence re- 
sults is equal to that of varnish, without having any of its inconve- 
niences. 

Coloured varnish for violins^ and other stringed instruments^ also 
for plunhtree^ mahogany , and rose-wood. 
At oz. gum sandarac, 
2 oz« seed lac, 
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2 oz. mastic, 

1 oz. Benjamin in tears, 

4 oz. pounded glass, 

2 oz. Venice turpentine, and 
32 oz. pure alcohol. 

The gum sandarac and lac render this varnish durable : it may be 
coloured ivith a little saffron or dragon's blood. 
Fat Varnish of a gold colour. 
8 oz. amber, 
2 oz. gum lac, 
8 oz. drying linseed-oil, and 
16 oz. essence of turpentine. 
Dissolve separately the gum lac, and then add the amber, prepared 
and pulverized, with the linseed-oil and essence very warm. When 
the whole has lost part of its heat, mix in relative proportions, tinc- 
tures of annatto, of terra merita, gum guttle, and dragon's blood. 
This varnish when applied to white metals, gives them a gold colour. 
Fat turpentine or golden varnish, being a mordant to gold and 
dark colours. 

1 6 oz. boiled linseed-oil, 
8 oz. Venice turpentine, and 

5 oz. Naples yellow. 

Heat the oil with the turpentine^ and mix the Naples yellow pul- 
verized. 

Naples yellow is an oxide of lead, the composition of which will 
be given when we come to treat of colouring substances. It is sub- 
stituted here for resins, on account of its drying qualities, and in par- 
ticular of its colour, which resembles that of gold ; great use is made 
of the varnish in applying gold leaf. 

The yellow, however, may be omitted when this species of varnish 
is to be solid and coloured coverings. In this case an ounce of li- 
tharge to each pound of composition may be substituted in its stead, 
without this mixture doing any injury to the colour which is to con- 
stitute the ground, (/a teinte dure). 
Turners* varnish for box wood. 
5-oz. seed lac, 
2 oz. gum sandarac, 
ij oz. gum elemi, 
2 oz. Venice turpentine, 
5 oz. pounded glass, and 
24 oz. pure alcohol. 
The artists of St Claude do not all employ this formula, which 
required to be corrected on account of its too great dryness, which 
is here lessened by the turpentine and gum elemi. This composition 
is secured from cracking, which disfigures these boxes after they had 
been used for some months. 

No. 2.— Other turners employ the gum lac united to a litUc elemi 
and turpentine digested some months in pure alcohol exposed to the 
sun. If this method be followed, it will be proper to substitute for 
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the sandarac, the same quantity of giim lac redliced to powder, and 
not to add the turpentine to the alcohol, which ought to be exceed- 
ingly pure, till towards the end of the infusion. 

Solar infusion required care and attention; Vessels of a sufficient 
size to allow the spirituous vapours to circulate freely ought to be 
employed, because it is necessary that the vessels should be closely 
shut. Without this precaution the spirits would become weakened, 
and abandon the resin which they laid hold of during the first days 
of exposure. This perfect obituration will not admit of the vessels 
being too full. 

In general, the varnishes applied to articles which may bfe put into 
the lathe acquire a great deal of brilliancy by polishing; a piece of 
woollen cloth is sufficient for the operation. If turpentine predomi- 
nates too much in these compositions^ the polish does not retain its 
lustre, because the heat of the hands is capable of softening the sur- 
face of the varnish, and ih this stat^ It readily tarnishes. 

To varnish dressing-boxes. -^-^he most of spirit of wine varnishes 
are destined for covering preliminary preparations, which have a cer- 
tain degree of lustre. They consist of cement, coloured or not co- 
loured, charged with landscapes and figures cut out in paper, which 
produces an effect under the transparent varnish : most of the dres- 
sing-boxes, and other small articles of the same kind, are covered 
"With this particuliir composition, which, in general, consists of thi^ee 
or four coatings of Spanish white pounded in water, and mixed up 
with parchment glue. The first coating is smoothed with pumice- 
stone, arid then polished with a piece of new linen and -virater. The 
coating in this state is fit to receive the destined colour, after it has 
been ground with water, and mixed with parchment glue diluted 
with water. The cut figures with which it is to be embellished are 
then applied, and a coating of gum or fish-glue is spread o^er them, 
to prevent the varnish frohi penetrating to the pi^eparatlon, and froi^ft 
spoiling the figures. The oiDCration is finished by applying thref^ or 
four coatings of varnish, which, when dry, are polished With tripoli 
and water, by tneans of a piece of cloth. A lustre is then giVeft t6 
the surface with starch and a bit of doe-skin, or very soft cloth.r 

Gallipot varnish. 

12 oz. gallipot, or white incense, 
5 oz. white glass, pounded, 
2 oz. Venice turpentine, and 
32 oz. essence of turpentine. 
Make the varnish after the white incense has been pounded with glass* 

Some authors recommend mastic or sandarac in the room of galli- 
pot; but the Varnish is neither more beautiful nor more durable. 
When the colour is ground with the preceding varnish, and mixed 
up with the latter, which, if too thick, is thinned with a little es- 
sence, and which is applied immediat6ly, and without any sizing, to 
boxes and other articles, the coatings acquire sufficient strength to 
resist the blows of a mallet. But if the varnish be applied to a sized 
colour, it must be covered with a Varnish of the first or second genus. 
Vol. 11.-2 P 
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Mfutic gallipot vamishj for grinding colours. 

4 oz. new gallipot, or white itcense, 
2 oz. mastic, 
6 oz. Venice turpentine, 
4 oz. pounded glass, and 
S2 oz. essence of turpentine. 
When the varnish is made with the precautions already indicated, 
add prepared nut oil or linseed-oil two ounces. 

The matters ground with this varnish dry more slowly ; they are 
then mixed up with the following varnish, if it be for common paint- 
ing, or with particular varnishes destined for colours and for grounds. 
Mordant varnish for gilding. 

1 oz of mastic, 
1 oz. of gum sandarac, 
i oz. of gum guttae, 
i oz. of turpentine, and 
6 oz. of essence of turpentine. 
Some artists who make use of mordants, substitute for the turpen- 
tine an ounce of the essence of lavender, which renders this com- 
position still less drying. 

In general, the composition of mordants admits of modifications, 
according to the kind of work for which they are destined. The ap- 
plication of them, however, is confined chiefly to gold. When it is 
required to fill up a design with gold leaf on any ground whatever, 
the composition which is to serve as the means of union between the 
metal and the ground, ought to be neither too thick nor too fluid ; be- 
cause both these circumstances are equally injurious to delicacy in 
the strokes ; it will be requisite also that the composition should not 
dry till the artist has completed his design. 

Other mordants. No 1. — Some prepare their mordants with Jew's 
pitch and drying oil, diluted with essence of turpentine. They em- 
ploy it for gilding pale gold, or for bronzing. 

Other artists imitate the Chinese, and mix with their mordants 
colours proper for assisting the tone which they are desirous of giv- 
ing to the gold, such as yellow, red, &c. 

Others employ merely fat varnish, to which they add a little red 
oxide of lead (minium.) 

Others make use of thick glue, in which they dissolve a little 
boney« This is what they call batture. When they are desirous of 
heightening the colour of the gold, they employ this glue, to which 
the gold leaf adheres exceedingly well. 

No. 2. — The qualities of the following are fit for every kind of ap- 
plication, and particularly to metals. Expose boiled oil to a strong 
heat in a pan : when a black smoke is disengaged from it, set it on 
fire, and extinguish it a few moments after by putting on the cover 
of the pan. Then pour the matter, still warm, into a heated bottle, 
and add to it a little essence of turpentine. This mordant dries 
very speedily 5 it has body and adheres to, and strongly retains, gold 
leaf, when applied to wood, metals, and other substances. 
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Famish for pales and coarse wood-work. — Take any quantity of 
tar, and grind it with as much Spanish brown as it will bear, without 
rendering it too thick to be used as a paint or varnish, and then 
spread it on the pales, or other wood, as soon as convenient, for it 
quic kly hardens by keeping. 

This mixture must be laid on the wood to be varnished by a large 
brush, or house pointer's tool 5 and the work should then be kept as 
free from dust and insects as possible, till the varnish be thoroughly 
dry. It will, if laid on smooth wood, have a very good gloss, and is 
an excellent preservation of it against moisture 5 on which account, 
as well as its being cheaper, it is far preferable to painting, not only 
for pales, but for weather-boarding, and all other kinds of wood-work 
for grosser purposes. Where the glossy brown colour is not liked, 
the work may be made of a greyish brown, by mixing a small pro- 
portion of white lead, or whiting and ivory black, with the Spanish 
brown. 

A black varnish for old straw or chip hats. 

i oz. of best blark sealing wax, and 
2 oz. of rectified spirit of wine. 

Powder the sealing wax, and put it with the spirit of wine into a 
four-ounce phial 5 digest them in a sand heat, or near a fire, till the 
wax is dissolved j lay it on warm with a fine soft hair-brush, before 
a fire or in the sun. It gives a good stiffness to old straw hats, and 
a beautiful gloss, equal to new, and resists wet. 

To make varnish for coloured drawings. 

1 oz. of Canada balsam, and 

2 oz. of spirit of turpentine. — Mix them together. 
Before this composition is applied, the drawing or print should be 

sized with a solution of isinglass in water ; and when dry, apply the 
varnish with a cftmers-hair brush. 

To make varnish for wood, which resists the action of boHmg 
water.-^Toke a pound and a half of linseed-oil, and boil it in a red 
copper vessel, not tinned, holding suspended over it, in a small linen 
bag, 5 oz. of litharge, and 3 oz. of pulverized minium, taking care 
that the bag does not touch the bottom of the vessel. Continue the 
ebullition until the oil acquires a deep brown colour 5 then take away 
the bag, and substitute another in its place, containing a clove of 
garlic 5 continue the ebullition, and renew the clove of garlic seven 
or eight times, or rather put them all in at once. 

Then throw into the vessel a pound of yellow amber, after having 
melted it in the following manner :— Add to the pound of amber^ 
well pulverized, two ounces of linseed-oil, and place the whole on a 
strong fire. When the fusion is complete, pour it boiling into the 
prepared linseed-oil, and continue to leave it boiling for two or three 
minutes, stirring the whole up well. It is then left to settle 5 the 
composition is decantered and preserved, when it becomes cold, in 
well-corked bottles. 

After polishing the wood on which this varnish is to be applied, 
give to the wood the colour req^iired 5 for instance, for walnut wood, 
a slight coat of a mixture of soot with the essence of turpentine. 
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When this colour is prefectly dry, give it 9, cqat of vamiaU with a 
fine sponge, in order to spread it very equal ; repeat these cofits four 
times, taking care always to let the preceding coat be dried* 

To varnish drcavings and card-uwrLT-BoW some clear parchment 
cuttings in water, in a glazed pipkin, till th^y produce a very clear 
size. Strain it, and keep it for use. 

Give the work two coats of the size^ passing the brush quickly over 
the work, not to disturb the colours. 

To prepare a composition for making coloured drawings qnd 
prints resemble paintings in oiL 

1 oz. of Canada balsam, and 

2 oz. of spirits of turpentine. — Mixt together. 
Before this composition is applied, the drawing or print should be 

sized with a solution of isinglass in water, and whe« dry, apply the 
varnish with a camel's-hair brush. 

To varnish harps and dulcimers. — Prepare the work with size 
jand red ochre, then take ochre, burnt umber, and red lead, well 
ground, and mix up a dark brown colour in turpentine varnish, add- 
ing as much oil of turpentine tbat the brush may just be able to pass 
over the work fair and even. While yet wet, take a muslin sieve, 
and sift as much Dutch metaU previously powdered, upon it, as is 
requisite to produce the effect, after which varnish and polish it. 

To varnish glass. — Pulverize a quantity of gum adragant, wd let 
it dissolve for twenty-four hours in the white of eggs well beat up | 
then rub it gently on the glass with a hHsh. 

To varnish balloons. No. 1. — The compositiotis for varnishing 
balloons have been variously modified 5 hut, upon the whole, the 
n^ost approved appears to be th^ bird-lin^e varnish of M. Fi^uja^ St 
Fond, prepared after M. Cavallo's ipethod as fojlpws : '' lu order to 
render linseed oil drying, boil it with % ounces of sugar of lead^ and a 
ounces oflitharge, for every pint of oil, till th^ are dissolve4, which 
may be ii^ half an hour. Then put a pound of hir4«Ume, and half % 
pint of the drying oil, into an iron or i^opper veasel whose capacity 
should equal s^bout a gallon, and let it boU very gently Qver a slow 
charcoal fire till the bird-l^^ ces|i^ to cr^ickl^ which will he ia 
about half, or three-quarters pj s^n hour j then pour upon il two. 
and a half pints more of the drying oil, and let it boil about an hour 
longer, stirring it frequently with an iron or wood^ spatula. Aa 
the varnish, whilst boiling, ^nd especially when nearly ready, swells 
y^ry much, care should be taken to remove in those cases, the pot 
from the fire, an4 to replace it when the varnish subsides ; otherwise 
it will boil ov^r. Whilst the s,tuff i^ bpiling, the operator should oc- 
casionally examine whether it has boiled enough, which m,ay be 
known by observi^ whether, \yhe9 rubbed between twokuiyes, which 
are then to be separated from one another, the varnish forms threads 
between them, as i,t must then be removed from the fire. Whea 
nearly cool, add about an equal quantity of oil of turpentine. lu 
using the vami^jb, the stuff n^ii^st b^ st^etc^ied, and the vaxnish ap- 
plied luke yfarm^ In 24 hour^ it willi dry." 
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No. 2. As the elastic resin, known by the name of Indian rubber, 
has been much extolled for a varnish, the following method of making 
it, ^s practised by M. Blanchard, may not prove, unacceptable. — 
Dissolve elastic gum, cut smalU in five times its weight of rectified 
essential oil of turpentine, by keef^ng them some days together; then 
boil 1 ounce of this solution in 8 ounces of drying linseed-oil for a few 
minutes; strain the solution, and use it warm. 

To varnish, rarefied air balloons, — With regard to the rarefied-air 
machines, M. Cavallo recommends, first, to soak the cloth in a solu- 
tion of sal-ammoniac and common size, using one pound of each to 
every gallon of water; and when the cloth is quite dry, to paint it 
over on the inside with some earthy colour and strong size or glue. 
When this paint has. dried perfectly, it will then be proper to cover 
it with oily varnish, which might dry before it could penetrate quite 
through the cloth. Simple drying linseed-oil will answer the pur-* 
pose as well as any, provided it be not very fluid. 

To paint sail-cloth^ ^c. so as to be pliant^ durable^ and ifnpervious 
to water. — This process, which is extracted from the Transactions of 
the Society qf Jirts^ is now universally practised in the public dock- 
yards. 

The paint usually laid upon canvas hardens to such a degree as to 
crack, and eventually to break the canvas, which renders it unser- 
viceable in a short time: but the canvas painted in the new manner 
is so superior, that all canvas used in the navy is thus prepared; and 
a saving of a guinea is made in every one hundred square yards of 
canvas so painted. 

The old mode of painting canvas, was to wet the canvas, and 
prime it with Spanish brown; then to give it a second coat of a cho- 
colate colour, made by milling Spanish brown and black paint: and, 
lastly, to finish it with black. 

The new method is to grind 96 lbs. of English ochre with boiled 
oil, and to add 16 lbs. of black paint, which mixture forms an indif- 
ferent black. A pound of yellow soap dissolved in six pints of water 
over the firi^, is mixed, while hot, with the paint. This composition 
is then laid upon the canvas, (without being wetted, as in the usual 
way,) as stiff as can f:onveniently be done with the brush, so as to 
form a smooth surface; the next day, or still better, on the second 
day, a second cqat of ochre and black, (without any, or but a very 
small portion of soap,) is laid on,, and allowing this coat an interme- 
diate day for drying, the canvas is then finished with black paint as 
usuaL Three days being then allowed for it to dry and harden, it 
does not stick together when taken down and folded in cloths con- 
taining 60 or 70 yards each ; and canvas finished entirely with the 
composition, leaving it to dry one day between each coat, will not 
stick together, if laid in quantities. 

It has been ascertained from actual trials, that the solution of yel- 
low soap is a preservative to red, yellow, and black paints, when 
ground in oil and put into casks, as they acquire no improper hard*- 
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ness, and dry in a remarkable manner when laid on with the brushy 
without the use of the usual drying articles. 

It is surprising that the adoption of soap, which is so well known 
to be miscible with oily substances, or, at least, the alkali of whicli 
it is composed, has not already been brought into use in the compo- 
sition of oil colours. 

Coloured compositions for rendering Hnen and cloth impenetrable to 
M^afcr.— Begin by washing the stuff with hot water; then dry and rub 
it between the hands until such time as it becomes perfectly supple^ 
afterwards spread it out by drawing it into a frame, and give it, witli 
the aid of a brush, a first coat, composed of a mixture of eight 
quarts of boiling linseed-oil, 15 grammes of calcined amber and 
acetate of lead, (of each 7i grammes,) to which add 90 grammes of 
lamp-black. For the second coat use the same ingredients as above, 
except the calx of lead. This coat will give a few hours, according 
to the season; afterwards take a dry plasterer's brush, and rub the 
stuff strongly with it, when the hair, by this operation, will become 
very smooth. The third and last coat will give a perfect and dura- 
ble jet black. 

Or rather take 12 quarts of boiling linseed-oil, 30 grammca of am- 
ber, 15 grammes of acetate of lead, 7k sulphate of zinc, 15 Prussian 
blue, and 7i verdigris; mix them very fine with a little oil, and add 
120 grammes of lamp-black. These coats are used at discretion, as 
is done with painting. 

To thicken Unen cloth for screens and bed testers. — Grind whit- 
ing with zinc, amd to prevent cracking, add a little honey to it ; 
then take a soft brush, and lay it upon the cloth, and so do two or 
three times, suffering it in the mean while to dry between layings on 
and for the last laying, smooth it over with Spanish white, ground 
with linseed -oil, the oil being first heated, and mixed with a small 
quantity of the litharge of gold, the better to endure the weather, 
and so it will be lasting. 

Common wax, or varnished cloth. — The manufacture of this kind 
of cloth is very simple. The cloth and linseed-oil are the principal 
articles required for the establishment. Common canvas, of an open 
and coarse texture, is extended on large frames, placed under sheds, 
the sides of which are open, so as to afford a free passage to the ex- 
ternal air. The manner in which the cloth is fastened to these frames 
is as follows: it is fixed to each side of the frame, by hooks which 
catch the edge of the cloth, and by pieces of strong packthread pass- 
ing through holes at the other extremity of the hooks, which are tied 
round movable pegs placed in the lower edge of the frame. The me- 
chanism by which the strings of a violin are stretched or unstretched, 
will give some idea of the arrangement of the pegs employed for ex- 
tending the cloth in this apparatus. By these means the cloth can 
be easily stretched or relaxed, when the oily varnish has exercised an 
action on its texture in the course of the operation. The whole being 
thus arranged, a liquid paste made with drying oil, which may be 
varied at pleasure, is applied to the cloth. 
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To make liquid ptuie teith drying ot7.-^Mix Spanish white or 
tobacco-pipe clay, or any other argillaceous matter, with water, and 
leave it at rest some hours, which will be sufficient to separate the 
argillaceous parts, and to produce a sediment. Stir the sediment with 
a broom, to complete the division of the earth 5 and after it has 
rested some seconds, decant the turbid water into an earthen or 
wooden vessel. By this process the earth will be separated from the 
sand and other foreign bodies, which are precipitated, and which 
must be thrown away. If the earth has been washed by the same 
process, on a large scale, it is divided by kneading it. The super- 
natant water is thrown aside, and the sediment placed, in sieves, on 
pieces of cloth, where it is suffered to drain: it is then mixed up with 
oil rendered drying by a large dose of litharge, that is about a fourth 
of the weight of the oiL The consistence of thin paste being given 
to the irilxture, it is spread over the cloth by means of an iron spa- 
tula, the length of which is equal to that of the breadth of the cloth. 
This spatula performs the part of a knife, and pushes forward the 
excess of matter above the quantity sufficient to cover the cloth. 
When the first stratum is dry, a second is applied. The inequalities 
produced by the coarseness of the cloth, or by an unequal extension 
of the paste, are smoothed down with pumice-stone. The pumice- 
stone is reduced to powder, and rubbed over the cloth with a piece 
of soft serge or cork dipped in water. The cloth must then be well 
washed in water to clean it; and after it is dried, a varnish of gum 
lac dissolved in linseed-oil boiled with turpentine, is to be applied 
to it. 

This preparation produces yellowish varnished cloth. When 
wanted black, mix lamp-black with the Spanish white, or tobacco- 
pipe clay, which forms the basis of the liquid paste. Various shades 
of grey may be obtained, according to the quantity of lamp-black 
which is added. Umber, Cologne-earth, and different ochry argilla- 
ceous earths may be used to vary the tints, without causing any ad- 
dition to the expense. 

To prepare fine printed varnished cloths, — The process just de- 
scribed for manufacturing common varnished and polished cloths, 
may serve to give some idea of that employed for making fine cloths 
of the same kind, decorated with a coloured impression. The manu- 
factories of Germany have varnished cloths embellished with large 
and small subjects, figures, and landscapes, well executed, and which 
are destined for covering furniture subjected to daily use. 

This process, which is only an improvement of the former, requires 
a finer paste, and cloth of a more delicate texture. The stratum of 
paste is applied in the same manner, and when dry and polished, the 
cloth is taken from the frame and removed to the painter's table, 
where the art of the colourist and designer is displayed under a 
thousand forms; and, as in that of printed cottons, exhibits a rich- 
ness of tints, and a distribution of subjects, which discover taste, and 
ensure a ready sale for the articles manufactured. 

The process, however, employed in these two arts to extract the 
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colouring parts are not the same. In the art of cotton printing the 
colours are eltracted by the bath, as in that of dyeing. In printing 
varnished cloths, the colouring parts are the result of the union of 
drying oil mixed with varnish, and the different colours employed in 
oil painting or painting in varnish. 

The varnish applied to cdmmon oil cloth is composed of gum lac 
and drying linseed-oil; but that destined for printed varnished 
cloths requires some choice, both in regard to the oil and the resi- 
nous matter wJ)ich g^ves it consistence. Prepared oil of pinks and 
copal form a varnish very little coloured, pliable, and solid. 
. To prqoare varnished silk. No. 1.— -Varnished silk, for making 
umbrellas, capots, coverings for hats, &c. is prepared in the same 
manner as the varnished and polished cloths already described, but 
with some variation in the liquid paste or varnish. 

If the surface of the silk be pretty large, it is made fast to a 
wooden frame furnished with hooks and movable pegs, such as that 
used in the manufacture of common varnished cloths. A soft paste, 
composed of linseed-oil, boiled with a fourth part of litharge; to^ 
baoco-pipe clay, dried and sifted through a silk sieve, 16 parts; 
litharge ground on porphyry with water, dried and sifted in the same 
manner, 3 parts; and lamp-black, 1 part. This paste is then spread 
in an uniform manner over the surface of the silk, bjr means of a 
long knife, having a handle at each extremity. In summer, twenty- 
four hours are sufficient for its desiccation. When dry, the knots 
produced by the inequalities of the silk are smoothed with pumice- 
stone. This operation is performed with water, and when finished, 
the surface of the silk is washed. It is then suffered to dry, and flat 
copal varnish is applied. 

If it be intended to polish this varnish, apply a second stratum ; 
after which polish it with a ball of cloth and very fine tripoli. The 
varnished silk thus made is very black, exceedingly pliable, and has 
a fine polish. It may be rumpled a thousand ways without retaining 
any fold, or even the msu*l|»of one. It is light, and thereby proper 
for coverings to hats, and for making cloaks and caps so useful to 
travellers in wet weather. 

No. 2.— A kind of varnished silk, which has only a yellowish 
colour, and which suffers the texture of the stuff to appear, is pre- 
pared with a mixture of 3 parts boiled oil of piirks, and 1 part of fat 
copal varnish, which is extended with a coarse brush or a knife. Two 
strata are sufficient when oil has been freed from its greasy particles 
over a slow fire, or when boiled with a fourth part of its weight of 
litharge. 

The inequalities are removed by pumice-stone and water; after 
which the copal varnish is applied. This simple operation gives to 
white silk a yellow colour, which arises from the boiled oil and the 
varnish. 

This varnished silk possesses all those qualities ascribed to certain 
preparations of silk which are recommended to be worn as jackets 
by persons subject to rheumatism. 
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To recover varnish, — Clear off the filth with a ley made of potash,' 
and the ashes of the lees of wine ; then take 48 ounces of potash, and 
16 of the above-mentioned ashes, and put them into 6 quarts of water, 
and this completes the ley. 

To polish varnish, — This is effected with pumice-stone and tri- 
poli earth. The pumice-stone must be reduced to an impalpable 
powder, and put upon a piece of serge moistened with water 5 with 
this rub lightly and equally the varnished substance. The tripoli 
must also be reduced to a very fine powder, and put upon 8| clean 
woollen cloth, moistened with olive oil, with which the polisMing is 
to be performed. The varnish is then to be wiped off wih soft 
linen, and when quite dry, cleaned with starch or Spanish 'white, 
and rubbed with the palm of the hand. 



ANTI-ATTRITION. 
To prepare anti'attrition.^According to the specification of the 
patent, this mixture consists of one hundred weight of plumbago, to 
four hundred weight of hog's-lard, or other grease 5 the two to be 
well incorporated. The application is to prevent the effects of fric- 
tion in all descriptions of engines or machines ; and a sufficient 
quantity must be rubbed over the surface of the axle, spindle, or other 
part where the bearing is. 



ASSAYING OF METALLIC ORES. 

Before metallic ores are worked upon in the large way, it will be 
necessary to inquire what sort of metal, and what portion of it, is to 
be found in a determined quantity of the ore ; to discover whether it 
will be worth while to extract it largely, and in what manner the 
process is to be conducted, so as to answer that purpose. The 
knowledge requisite for this, is called the art of assaying. 

Assay of ores in the dry way. — The assaying of ores may be per- 
formed either in the dry or moist way 5 the first is the most ancient, 
and in many respects the most advantageous, and consequently 
still continues to be mostly used. 

Assays are made either in crucibles with the blast of the bellows, 
or in tests under a muflle. 

Assay weight 8, -—The assay weights are always imaginary, some^ 
times an ounce represents an hundred weight on the large scale, and 
is subdivided into the same number of parts, as that hundred weight 
is in the great 5 so that the contents of the ore obtaincfd by the assay 
shall accurately determine by such relative proportion, the quantity 
to be expected from any weight of the ore on a larger scale. 

Roasting the ore. — In the lotting of the ores care should be taken 
to have small portions from different specimens, which should be pul- 
VoL. II.— 2 Q 
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yerized, and well mixed in an iron or brass mortar. The proper 
quantity of the dre is now taken, and if it contain either sulphur or 
a^r^enic, it is put into a crucible or test, and exposed to a moderate 
degree of heat, till no vapour arises from it; to assist this volatiliza- 
tion, some add a small quantity of powdered charcoal. 

Flux^, — To assist the fusion of the ores, and to convert the ex- 
traneous matters connected with them into scoria, assayers use dif- 
ferentkinds of fluxes. The most usual and efficacious materials for 
the composition of these are, borax, tartar, nitre, sal-ammoniac, com- 
mon s^t, glass, fluor-spar, charcoal powder, pitch, lime, litharge. 
Ice. in different proportions. 

Crude of white flux. — This consists of 1 part of nitre, and 2 of 
tartar well mixed together. 

Black flux — The above crude flux detonates by means of kindled 
charcoal, and if the detonation be affected in a mortar slightly 
covered, the smoke that rises unites with the alkalised nitre and 
the tartar, and renders it black. 

Cornish reducing flux. 

10 oz. of tartar, 

3 oz. and 6 drachms of nitre, and 
3 oz. and 1 drachm of borax. — Mixt well together. 

CorniBh r^ning flux. — Deflagrate, and afterwards pulverize, 2 
parts of nitre, and 1 part of tartar. 

The above fluxes answer the purpose very well, provided the ores 
be deprived of all their sulphur 5 or, if they contain much earthly mat- 
ters, because, in the latter case, they unite with them, and convert 
them into a thin glass : but if any quantity of sulphur remain, these 
fluxes unite with it, and form a liver of sulphur, which has the power 
of destroying a portion of all the metals ; consequently, the assay 
under such circumstances must be very inaccurate. The principsd 
difficulty in assaying appears to be in the appropriation of the pro- 
per fluxes to each particular ore, and it likewise appears, that such a 
discriminating knowledge can only be acquired from an extensive 
practice, or from a knowledge of the chemical affinities and actions 
of different bodies upon each other. 

In assaying, we are at liberty to use the most expensive materiaU 
to effect our purpose, hence the use of different saline fluxes 5 but in 
the working at large, such expensive means cannot be applied ; as by 
•uch processes, the inferior metals would be too much enhanced in 
value, especially in working very poor ores. In consequence of 
which, in smelting works, where the object is the production of 
metals in the great way, cheaper additions are used; such as lime- 
stone, feldt-spar, fluor-spar, quartz, sand, slate and slags. These are 
to be chosen according to the different viewsof the operator, and the 
nature of the ores. Thus iron ores, on account of the argillaceous 
earth they contain, require calcareous additions, and the copper ores, 
rather slags or vitrescent stones, than calcareous earth. 

Humid assay of metallic ores, — The mode of assaying ores for 
their particular metals by the dry way,, is deficient so far as relates to 
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pointing out the different substances connected with them, because 
they are always destroyed by the process for obtaining the assay 
metal. The assay by the moist way is more correct, because the dif- 
ferent substances can be accurately ascertained. The late celebrated 
Bergman fi^st communicated this method. It depends upon a 
knowledge of the chemical affinities of different bodies for each 
otherj and must be varied according to the nature of the orej it is 
very extensive in its application, and requires great patience and ad- 
dress in its execution. To describe the treatment of each variety of 
metallic ores, would take up too much of our room^ but to give a 
general idea, we shall describe the procedure, both in the dry and 
the humid way, on one species of all the different ores. 

To assay iron ores. No. 1. — The ore must be roasted till the 
vapour ceases to arise. Take 2 assay quintals of it, and triturate 
them with one of fluor-spar, J of a quintal of powdered charcoal, 
and 4 quintals of decrepitated sea-salt; this mixture is to be put 
into a crucible, lined on the inside with clay and powdered charcoal^ 
a cover must be luted upon the crucible, and the crucible itself ex- 
posed to a violent fire for an hour, and when it is cool, broken. 
When, if the operation has been well conducted, the iron will be 
found at the bottom of the crucible; to which must be added those 
metallic particles, which may adhere to the scoria. The metallic 
particles so adhering may be separated by pulverising it in paper, 
and then attracting them with a magnet. 

No. 2. — If the ore should be in a calciform state, mixed with 
earths, the roasting of it previous to assaying, if not detrimental, is 
at least superfluous; if the earths should be of the argillaceous and 
siliceous kind, to half a quintal of them, add of dry quick-lime and 
fluor-spar of each 1 quintal and |, reduced to powder, and mix them 
with ? of a quintal of powdered charcoal, covering the whole with 
one ounce of decrepitated common salt; and expose the luted cruci- 
ble to a strong forge-fire for an hour and a quarter, then let it gradu- 
ally cool, and let the regulus be struck off and weighed. 

No. 3. — If the ore contain calcareous earth, there will be no occa- 
sion to add quick-lime; the proportion of the ingredients may be as 
follows: — viz. 1 assay quintal of the ore; 1 of decrepitated sea-salt; 
5 of powdered charcoal; and 1 of fluor-spar, and the process con- 
ducted as above. 

There is a great difference in the reguli of iron; when the cold 
regulus is struck with a hammer and breaks, the iron is called cold 
short : if it break on being struck red-hot, it is called red short; but 
if it resist the hammer, both in its cold and ignited state, it is good 
iron. 

Humid assay of iron ore, — To assay the calciform ores, which do 
not contain much earthy or stony matter, they must be reduced to a 
fine powder, and dissolved in the marine acid, and precipitated by 
the Prussian alkali. A determinate quantity of the Prussian alkali 
must be tried previously, to acertain the portion of iron which it 
will precipitate, and the estimate made accordingly. If the iron 
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contain any considerable portion of zinc or manganese, the precipi- 
tate must be calcined to redness, and the calx treated with dephlo* 
gisticated nitrous acid, which will then take up only the calx of 
zinc; when this is separated, the calx should again be treated either 
with nitrous acid, with the addition of sugar, or with the acetous 
acid, which will dissolve the manganese, if any; the remaining calx 
of iron may then be dissolved by the marine acid, and precipitated 
by the mineral alkali; or it may be farther calcined, and then weighed. 

Zinc ores, — Take the assay weight of roasted ore, and mix it 
well with i part of charcoal-dust, put it into a strong luted earthen 
retort, to which must be fitted a receiver; place the retort in a fur- 
nace, and raise the fire, and continue it in a violent heat for two 
kours, suffer it then to cool gradually, and the zinc will be found ad- 
hering to the neck of the retort in its metallic form. 

Jn the humid way» — Distil vitriolic acid over calamine to dryness; 
the residuum must be lixiviated in hot water; what remains undis- 
solved is siliceous earth; to the solution add caustic volatile alkali, 
which precipitates the iron and argil, but keeps the zinc in solution. 
The precipitate must be re-dissolvexi in vitriolic acid, and the iron 
and argil separated. 

Tin ores, — Mix a quintal of tin ore, previously washed, pulveriz- 
ed, and roasted, till no arsenical vapour arises, with half a quintal of 
calcined borax, and the same quantity of pulverized pitch; these are 
to be put into a crucible moistened with charcoal-dust and water, 
and the crucible placed in an air-furnace. . After the pitch is burnt, 
give a violent heat for a quarter of an hour, and on withdrawing the 
crucible, the regains will be found at the bottom* If the ore be not 
well washed from earthy matters, a larger quantity of borax will be 
requisite, with some powdered glass; and if the ore contain iron, 
some alkaline salt may be added. 

In the Awmtd t£?ay.— The assay of tin ores in the liquid way, was 
looked upon as impracticable, till Bergman d^vis^d the following 
method, which is generally successful. Let the tin ore be well sepa- 
rated from its stony matrix, by well washing, and then reduced to 
the most subtle powder ; digest it in concentrated oil of vitriol, in a 
strong heat for several hours, then, when cooled, add a small portion 
of concentrated marine acid, and suffer it to stand for an hour or two; 
then add water, and when the solution is clear, pour it off, and pre- 
cipitate it fcy fixed alkali — 131 grains of this precipitate, well washed 
and dried, are equivalent to 100 of tin in its r^eguline state, if the pre- 
cipitate consists of pure tin ; but if it contain copper or iron, it must 
be calcined in a red heat for an hour, and then digested in nitrous 
acid ; which will take up the copper ; and afterwards in marine acid, 
which will separate the iron. 

Lead ore*.— As most of the lead ores contain either sulphur or 
«!rscnic, they require to be well roasted. Take a quintal of roasted 
ore, with the same quantity of calcined borax, half a quintal of fine 
poW'der<ed glass, a quarter of a quintal of pitch, and as much clean 
iron filings. Line the crucible with wetted charcoal-dust, and put 



APPENDIX. 325 

the mixture into the crucible, and place it before the bellows of a 
forge fire. When it is red hot, raise the fire for 15 or 20 minutes, 
then withdraw the crucible, and break it when cold. 

In the humid way, — Dissolve the ore by boiling it in a dilute nitrous 
acid; the sulphur, insoluble stony parts, and calx of iron will remain. 
The iron may be separated by digestion, in the marine acid, and the 
sulphur by digestion, in caustic fixed alkali. The nitrous solution 
contains the lead and silver, which should be precipitated by the 
mineral fixed alkali, and the precipitate well washed in cold water, 
dried, and weighed. Digest it in caustic volatile alkali, which will 
take up the calx of silver, the residuum being again dried and weigh- 
ed, gives the proportion of the calx of lead, 132 grains of which are 
equal to 100 of lead in its metallic state. The difference of weight 
of the precipitate before and after the application of the volatile 
alkali, gives the quantity of silver, 129 grains of which are equal to 
100 of silver in its metallic state. 

Copper ores. — Take an extract troy ounce of the ore, previously 
pulverized, and calcine it wellj stir it all the time with an iron rod, 
without removing it from the crucible; after the calcination add an 
equal quantity of borax, half the quantity of fusible glass, one-fourth 
the quantity of pitch, and a little charcoal'dustj rub the inner sur- 
face of the crucible with a paste composed of charcoal-dust, a little 
fine powdered clay and water. Cover the mass with common salt, 
and put a lid on the crucible, which is to be placed in a furnace: the 
fire is to be raised gradually, till it burns briskly, and the crucible 
continued in it for half an hour, stirring the metal frequently with an 
iron rod, and when the scoria which adheres to the rod appears clear, 
then the crucible must be taken out, and sufiered to cool; after which 
it must be broken, and the regulus separated and weighed; this is 
called black copper, to refine which, equal parts of common salt and 
nitre are to be well mixed together. The black copper is brought 
into fusion, and a tea-spoonful of the flux is thrown upon it, which 
is repeated three or four times, when the metal is poured into an in- 
got mould, and the button is found to be fine copper. 

In the humid ivay. — Make a solution of vitreous copper ore,, in 5 
times its weight of concentrated vitriolic acid, and boil it to dry- 
ness; add as much water as will dissolve the#itriol thus formed; 
to this solution add a clean bar of iron which will precipitate the 
whole of the copper in its metallic form. If the solution be conta- 
minated with iron, the copper must be re-dissolved in the same man- 
ner, and precipitated again. The sulphur may be separated by fil- 
tration. 

Bismuth ores, — If the ore be mineralized by sulphur, or sulphur 
and iron, a previous roasting will be necessary. The strong ores re- 
quire no roasting, but only to be reduced to a fine powder. Take 
the assay weight and mix it with half the quantity of calcined borax, 
and the same of pounded glass; line the crucible with charcoal; melt 
it as quickly as possible; and when well done, take out the cru- 
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cible and let it cool gradually. The regtilus will be found at the 
bottom. 

In the humid way, — Bismuth is easily soluble in nitrous acid or 
aqua-regia. Its solution is colourless, and is precipitable by the ad- 
dition of pure water; 118 grains of the precipitate from nitrous acid 
well washed and dried, are equal to 100 of bismuth in its metallic 
form. 

Jintimenial ores. — Take a common crucible, bore a number of 
small holes in the bottom, and place it in another crucible a size 
smaller, luting them well together; then put the proper quantity of 
ore in small lumps into the upper crucible, and lute thereon a cover; 
place these vessels on a hearth, and surround, them with stones about 
six inches distant from them; the intermediate space must be filled 
with ashes, so that the undermost crucible may be covered with them; 
but upon the upper charcoal must be laid, and the whole made red 
hot by the assistance of hand-bellows. The antimony being of easy 
fusion is separated, and runs through the holes of the upper vessel 
into the inferior one, where it is collected. 

Humid assay of arseniated an^tmony.— -Dissolve the ore in aqua- 
regia, both the regulus and arsenic remain in the solution, the sul^ 
phur is separated by filtration. If the solution be boiled with twice 
its weight of strong nitrous acid, the regulus of antimony will be 
precipitated and the arsenic converted into an acid, which may be 
obtained by evaporation to dryness. 

Manganese ore. — ^The regulus is obtained by mixing the calx or 
ore of manganese with pitch, making it into a ball, and putting it 
into a crucible, lined with powdered-charcoal, l-lOth of an inch on 
the sides, and i of an inch at bottom, then filling the empty space 
with chacoal-dust, covering the crucible with another inverted and 
luted on, and exposing it to the strongest heat of a forge for an hour 
or more. 

In the humid way. — The ores should be first well roasted to de- 
phlogisticate the calx of maganese and iron, if any, and then treated 
with nitrous acid to dissolve the earths. The residuum should now 
be treated with nitrous acid and sugar, by which means a colourless 
solution of manganese will be obtained, and likewise of the iron, if 
any. Precipitate with the Prussian alkali, and digest the preci- 
pitate in pure water; the prussiate of manganese will be dissolved, 
whilst the prussiate of iron will remain undissolved. 

Arsenical or6«.— This assay is made by sublimation in close ves- 
sels. Beat the ore into small pieces, and put them into a matrass, 
which place in a sand-pot, with a proper degree of heat; the arsenic 
sublimes in this operation, and adheres to the upper part of the ves- 
sel, when it must be carefully collected with a view to ascertain its 
weight. Sometimes a single sublimation will not be sufficient, for 
the arsenic in many cases will melt with the ore, and prevent its 
total volatilization; in which case it is better to perform the first 
sublimation with a moderate heat, and afterwards bruise the remain- 
der again, and expose it to a stronger heat. 
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In the humid t^^oy.— -Digest the ore in marine acid, adding the 
nitrous by degrees to help the solution. The sulphur will be found 
on the filter; the arsenic will remain in the solution, and may be 
precipitated in its metallic form by zinc, adding spirit of wine to the 
solution. 

Nickel ore. — The ores must be well roasted to expel the sulphur 
and arsenic; the greener the calx proves during this torrefaction, the 
more it abounds in the nickel; but the redder it is, the more iron it 
contains. The proper quantity of this roasted ore is fused in an open 
crucible,* with twice or thrice its weight of black flux, and the whole 
covered with common salt. By exposing the crucible to the strongest 
beat of a forge-fire, and making the fusion complete, a regains will 
be produced. This regulus is not pure, but contains a portion of 
arsenic, cobalt, and iron. Of the first it may be deprived by a fresh 
calcination, with the addition of powdered charcoal; and of the se- 
cond by scorification; but it is with difficulty that it is entirely freed 
from the iron. 

In the humid way. — By solution in nitrous acid, it is freed from 
its sulphur; and by adding water to the solution, bismuth, if any, 
may be precipitated: as may silver, if contained in it, by the marine 
acid; and copper, when any, by iron. 

To separate cobalt from nickel, when the cobalt is in considerable 
quantity, drop a saturated solution of the roasted or^in nitrous acid 
into liquid volatile alkali; the cobaltic part is instantly re-dissolved 
and assumes a garnet colour; when filtered, a grey powder remains 
on the filter, which is the nickel. The cobalt may be precipitated 
from the volatile alkali by any acid. 

Cobalt ore^.— Free them as much as possible from earthy matters 
by well washing, and from sulphur and arsenic by roasting. The 
ore thus prepared is to be mixed with three parts of black flux, and 
a little decrepitated sea-salt: put the mixture in a lined crucible, 
cover it, and place it in a forge-fire, or in a hot furnace, for this ore 
is very difficult of fusion. 

When well fused, a metallic regulus will be found at the bottom, 
covered with a scoria of a deep blue colour: as almost all cobalt 
ores contain bismuth, this is reduced by the same operation as the 
regulus of cobalt: but as they are incapable of chemically uniting 
together, they are always found distinct from each other in the cru- 
cible. The regulus of bismuth having a greater specific gravity, is 
always at the bottom, and may be separated by a blow with a hammer. 

In the humid way, — Make a solution of the ore in nitrous acid, 
or aqua-rega, and evaporate to dryness; the residuum, treated with 
the acetous acid will yield to it the cobaltic part; the arsenic should 
be first precipitated by the addition of water. 

Mereurial orM.— The calciform ores of mercury are easily re- 
duced without any addition. A quintal of the ore is put into a retort, 
and a receiver luted on, containing some water; the retort is placed 
in a sand-bath, and a sufficient degree of heat given it, to force over 
the mercury which is condensed in the water of the receiver. 
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Sulphurated mercurial ores. — The sulphureous ores are assayed 
by distillation in the manner above, only these ores require an equal 
weight of clean iron-filings to be mixed with them, to disengage the 
sulphur, while the heat volatilizes the mercury, and forces it into the 
receiver. These ores should likewise be tried for cinnabar, to know 
whether it will answer the purpose of extracting it from them: for 
this a determinate quantity of the ore is finely powdered and put into 
a glass vessel, which is exposed to a gentle heat at first,<and gradually 
increased tilljUothingmore is sublimed. By the quantity thus acquired 
a judgment may be formed whether the process will answer. Some* 
times this cinnabar is not of so lively a colour as that which is used 
in trade; in this case it may be refined by a second sublimation, and 
if it be still of too dark a colour, it may be brightened by the addU 
tioii of a quantity of mercury, and subliming it again. 

Humid assay of cinnabar. — The stony matrix should be dissolved 
in nitrous acid, and the cinnabar, being disengaged, should be boiled 
in 8 or 10 times its weight of aqua-regia, composed of 3 parts 
nitrous, and 1 of marine acid. The mercury may be precipitated in 
its running form by zinc. 

Silver ores. — Take the assay quantity of the ore finely powdered, 
and roast it well in a proper degree of heat, frequently stirring it 
with an iron rod; then add to it about double the quantity of gray 
granulated lead, put it in a covered crucible and place it in a furnace 5 
raise the fire gently at first, and continue to increase it gradually, 
till the metal begins to work; if it should appear too thick, make it 
thinner by the addition of a little more lead; if the metal should boil 
too rapidly, the fire should be diminished. The surface will be covered 
by degrees with a mass of scoria, at which time the metal should be 
carefully stirred with an iron hook heated, especially towards the 
border, lest any of the ore should remain undissolved; and if what 
is adherent to the hook when raised from the crucible, melts quick- 
ly again, and the extremity of the hook, after it is grown cold, is 
covered with a thin, shining, smooth crust, the scorification is perfect; 
but, on the contrary, if while stirring it, any considerable clamminess 
is perceived in the scoria, and when it adheres to the hook, though 
red hot, and appears unequally tinged, and seems dusty or rough, 
with grains interspersed here and there, the scorification is incom- 
plete, in consequence of which the fire should be increased a little, 
and what adheres to the hook should be gently beaten off, and return- 
ed with a small ladle into the crucible again. When the scorifica- 
tion is perfect, the metal should be poured into a cone, previously 
rubbed with a little tallow, and when it becomes cold, the scoria may 
be separated by a few strokes of a hammer. The button is the pro- 
duce of the assay. 

By cupellation. — Take the assay quantity of ore, roast and grind 
it with an equal portion of litharge, divide it into 2 or 3 parts, and 
wrap each up in a small piece of paper; put a cupel previously sea- 
soned under a muffle, with about 6 times the quantity of lead upon it. 
When the lead begins to work, carefully put one of the papers upon 
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it, and after this is absorbed, put on a second, and so on till the 
"whole quantity is introduced | then raise the fire, and as the scoria 
is formed, it will be taken up by the cupel, and at last the silver will 
remain alone. This will be the produce of the assay, unless the lead 
contains a small portion of silver, which may be discovered by put- 
ting an equal quantity of the same lead on another cupel, and work-^ 
ing it off at the same time; if any silver be produced it must be 
deducted from the assay. This is called the witness* 

In the humid u;ay.^— Boil vitreous silver ore in dilute nitrous acid^ 
using about 25 times its weight, until the sulphur is quite exhausted. 
The silver may be precipitated from the solution by marine acid, or 
common salt; 100 grains of this precipitate contain 75 of real silver; 
if it contain any gold it will remain undissolved. Fixed alkalies 
precipitate the earthy matters, and the Prussian alkali will show if 
any ather metal be contained in the solution. 

To aascy the value of silver, — ^The g«|eral method of examining 
the purity of silver is by mixing it with a quantity of lead propor- 
tionate to the supposed portion of alloy: by testing this mixture^ 
and afterwards weighing the remaining button of silver. This is 
the same process as refining silver by cupellation. 

It is supposed that the mass of silver to be examined, consists of 
1 2 equal parts, called penny-weights; so that if an ingot weighs an 
ounce, each of the parts will be 1-1 2th of an ounce. Hence, if the 
mass of silver be pure, it is oalled silver of 12 penny-weights; if it 
contain 1-1 2 th of its weight of alloy, it is called silver of 1 1 penny- 
weights: if a*12ths of its weight be alloy, it is called silver of 10 
penny-weights; which parts of pure silver are called 5 penny-weights. 
It must be observed here, that assayers give the name penny-weight 
to a weight equal to 24 real grains, which must not be confounded 
with their ideal weights. The assayers' grains are called fine 
grains. An ingot of fine silver, or silver of 12 penny-weights, 
contains, then, 288 fine grains; if this ingot contain l-288th of alloy, 
it is said to be silver of 1 1 penny-weights and 23 grains; if it contain 
4-288ths of alloy, it is said to be 11 penny- weights, 20 grains^ &c* 
Now a certain real weight must be taken to represent the assay- 
weights: for instance, 36 real grains represent 12 fine penny-weights; 
this is subdivided into a sufficient number of other smaller weights, 
which also represent fractions of fine penny-weights and grains. 
Thus, 18 real grains represent 6 fine penny-weights; 3 real grains 
represent 1 fine penny-weight, or 24 grains; a real grain and a half 
represents 12 fine grains: l-32d of a real grain represents a quarter 
of a fine grain, which is only l-752nd part of a mass of 12 penny- 
weights. 

Double assay of ailver^^^lt is customary to make a double assay. 
The silver for the assay should be taken from opposite sides of the 
ingot, and tried on a touch-stone. Assayers know pretty nearly the 
value of silver merely by the look of the ingot, and still better by 
the test of the touchstone. The quantity of lead to be added is re- 
Vol. II.— 3 R 
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gulated by the portion of alloy, which being in general copper, will 
be nearly as follows : 

Silver of dwis. gra, dwta.grs. Requires from 
11 6 5to6S:S 

12 ^ 8—9 

From 19 18 to 9 12— 13 

8 6— 7^ 12 13— 14 

6 18— 6 O U— 15 

3 0— I 12 0—16 

1 12 — 18 o_20j ^ 

The cupel must be heated red hot for half an hour before any me- 
tal is put upon it, by which all moisture is expelled. When the cupel 
is almost white by heat, the lead is put into it, and the fire increased 
till the lead becomes red hot, smoking, and agitated by a motion of 
all its parts, called its circulation. Then the silver is to be put oa 
the cupel, and the fire cont|pued till the silver has entered the lead; 
and when the mass circulates wel^ the heat must be diminished by 
closing more or less the door of the assay furnace. The heat should 
be so regulated, that the metal on its surface may appear convex and 
ardent, while the cupel is less red; that the smoke shadl rise to the 
roof of the muffle; that undulations shall be made in dil directions; 
and that the middle of the metal shall appear smooth, with a small 
circle of litharge, which is continually imUbed by the oupel. By this 
treatment, the lead and alloy will entintly be absoH^d by the cupel, 
and the silver become bright and shining, when it is said to lighten; 
after which, if the operation has been well performed, the silver will 
be covered with rainbow colours, which quickly undulate and cross 
each other, and thetv the button becomes fixed and soiki. 

The diminution of weight shows the quantity of alloy. As all 
lead contains a small portion of silver, an equal weight with that 
used in the assay b tested off, and the product deducted from the 
assay weight. This portion is called the witness. 

To assay plated metals. "^Tskkt a determinate quantity of the 
plated metal; put it into an earthen vessel, with a sufficient quantity 
of the above menstruum, and place it in a gentle heat. When the 
silver is stripped, it must be collected with common salt; the calx 
must be tested with lead, and the estimate made according to the 
product of silver. 

Ores and earths containing goW.— No. 1.— That which is now- 
most generally used is by amalgamation; the proper quantity is taken 
and reduced to a powder, about 1-lOth of its weight of pure quick* 
silver is added, and the whole triturated in an iron mortar. The at- 
traction subsisting between the gold and quicksilver quickly unites 
them in the form of an amalgam, which is pressed through shamois 
leather; the gold is easily separated from this amalgam, by exposure 
to a proper degree of heat, which evaporates the quicksilver and 
leaves the gold. This evaporation should be made with luted vessels. 
This is the foundation of all the operations by which gold is ob- 
tained from the rich mines of Peru, in Spanish America. 
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No. 2. — Take a quantity of the gold-sand, and heat it red hot, 
quench it in waterj repeat this two or three times, and the colour of 
the sand will hftCome a reddish-brown. Then mix it with twice its 
weight of litharge, and revive the litharge into lead, by adding a 
small portion of charcoal-dust, and exposing it to a proper degree of 
heat; when the lead revives, it separates the gold from the sandj and 
the freeing of the gold from the lead must be afterwards performed 
by cupellation. 

No. 3«—- 'Bergman assayed metallic ores containing gold, by mixing 
two parts of the ore, well pounded and washed, with I5 of litharge 
and three of glass, covering the whole with common salt, and melt- 
ing it in a smith's forge, in a covered crucible; he then opened the 
cruc&le, put agnail into it, and continued to do so, till the iron was 
no longer attacked. The lead was thus precipitated which contained 
the gold, and was afterwards separated by cupellation. 

Btamd assay of gold mixed unth martial jtn/ri7c5.-r-Dissolve the 
i>re in twelve times its weight of dilute nitrous acid^' gradually added; 
place it in a proper degree of heat; this takes up the soluble parts, 
and leaves the gold untouched, with the insoluble matrix, from which 
it may be separated by aqua-regia. The gold may be again separated 
from the aqua-regia by pouring ethta* upon it; the ether takes up the 
gold, and by being burnt off, leaves it in its metallic state. The solu- 
tion nay contain iron, copper, manganese, calcareous earth, or argil; 
if it be evaporated to dryness, and the residuum heated tg redness 
for half an hour, volatile alkali will extract the copper; deplilogisti- 
cated nitrous aeid, the earths; the acetous acid, the manganese; and 
the marine acid, the calx of iron. The sulphur floats on the first 
solution, from which it should be separated by filtration. 



PARTING. 

By this process gold and silver are separated from each other. 
These two metals equally resisting the action of fire and lead, must 
therefore be separated by other means. This is effected by different 
menstrua. Nitrous acid, marine acid and sulphur, which cannot at- 
tack gold, operate upon silver; and these are the principle agents 
employed in this process. 

Parting by nitrous acid is most convenient, consequently most 
used, — indeed, it is the only one employed by goldsmiths. This is 
called simply parting. 

That nuide by the marine acid is by cementation, and is called 
eentrated parting; and parting by sulphur is made by fusion, and 
called Dry Parting. 

Parting by aqua-fortis. This process cannot succeed unless we 
attend to some essential circumstances : 1st. The gold and silver 
must be in a proper portion, viz. the silver ought to be three parts 
to one of gold; though a mass containing two parts of silver to one 



332 APPENDIX. 

of gold may be parted. To judge of the quality of the metal to be 
parted, assayers make a comparison upon a touch-stone, between it 
and certain needles composed of gold and silyer, in graduated pro- 
portions^ and properly marked; which are called Proof Ne£dlb». 
If this trial shows that the silver is not to the gold as three to one, 
the mass is improper for the operation, unless more silver be added; 
and 2dly, that the parting may be exact, the aqua-fortis must be very 
pure, especially free from any mixture of the vitriolic or marine acid. 
For if this were not attended to, a quattity of silver proportionable 
to these two foreign acids would be separated during the solution; 
and this quantity of sulphate of silver would remain mingled with 
the gold, which consequently would not be entirely purified by the 
operation. 

The gold and silver to be parted ought previously to be granulated, 
by melting it in a crucible, and pouring it into a vessel of water, 
giving the water at the same time a rapid circular motion, by quickly 
stirring it round with a stick. The vessels generally used in thia 
operation are ealled parting glasses, which ought to be very well 
annealed, and chosen free from flaws; as one of the chief inconve^ 
niences attending the operation is, that the glasses are apt to crack by 
exposure to cold, or even when touched by the hand. Some operators 
secure the bottom of the glasses by a coating composed of a mixture 
of new-^slaked lime, with beer and whites of eggs spread on a cloth, 
and wragped round the glasses at the bottom, over which they apply 
a composition of clay and hair. The parting glasses should be 
placed in vessels containing water supported by trivets, with a fire 
under them; because if a glass should break, the contents are caught 
in the vessel of water. If the heat communicated to the water be too 
great, it may be properly regulated by pouring cold water gradually 
and carefully down the side of the vessel into a parting glass 1 5 
inches high, and 10 or 12 inches wide at the bottom; placed in a 
copper pan 12 inches wide at bottom, 15 inches wide at top, and 
10 incites high; there is usually put about 80 oz. of metal, with twice 
as much of aqua-fortis. 

The aqua-fortis ought to be so strong as to act sensibly on silver 
when cold, but not so strong as to act violently. Little heat should 
be applied at first, as the liquor is apt to swell and rise over the 
vessel; but when the acid is nearly saturated, the heat may safely be 
increased. When the solution ceases, which is known by the effer- 
vescence discontinuing, the liquor is to be poured off; if any grains 
appear entire, more aqua-fortis must be added, till the silver is all 
dissolved. If the operation has been performed slowly, the remaining 
gold will have the form of distinct masses. The gold appears black 
after parting; its parts have no adhesion together, because the silver 
dissolved from it has left many interstices. To give them more soli- 
dity, and improve their colour, they are put into a test under a muffle, 
and made red hot, after which they contract and become more solid, 
and the gold resumes its colour and lustre. It is then called Grain 
Gold. If the operation has been performed hastily, the gold will 
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have the appearance of black mud or powder^ which, after well wash' 
ing, must be melted. 

The silver is usually recovered by precipitating it from the aqua- 
fortis by means of pure copper. If the solution be perfectly satu- 
rated, no precipitation can take place, till a few drops of aqua-fortis 
are added to the liquor. The precipitate of silver must be well 
washed with boiling water, and may be fused with nitre, or tested 
off with lead. 

Parting hy cementation* — A cement is prepared, composed of 4 
parts of bricks powdered and siftedj of one part of green vitriol 
calcined till it becomes red; and of one part of common salt: this is 
to be made into a firm paste with a little water. It is called the 
Cement Royal. 

The gold to be cemented is reduced into plates as thin as money. 
At the bottom of the crucible or cementing pot, a stratum of cement, 
of the thickness of a finger, is put, which is covered with plates of 
goldj and so the strata are placed alternately. The whole is covered 
with a lid, which is luted with a mixture of clay and sand. This pot 
must be placed in a furnace or oven, heated gradually until it becomes 
red hot, in which it must be continued during 24 hours. The heat 
must not melt the gold. The pot or crucible is then suffered to coolj 
and the gold carefully separated from the cement, and boiled at diffe- 
rent times in a large quantity of pure water. It is then assayed 
upon a touch-stone, or otherwise; and if it be not sufficiently pure, 
is is cemented a second time. In this process the vitriolic acid of 
the bricks, and of the calcined vitriol, decomposes the common salt 
during the cementation, by uniting to its alkaline bjise, while the 
marine acid becomes concentrated by the heat, and dissolves the sil- 
ver alloyed with the gold. This is a very troublesome process, though 
it succeeds when the portion of silver is so small that it would be 
defended from the action of aqua-fortis by the superabundant gold; 
but is little used, except to extract silver, or base metals, from the 
surface of gold, and thus giving to an alloyed metal, the colour and 
appearance of pure gold. 

Dry jparfmg".— This process is performed by sulphur, which will 
easily unite with silver, but does not attack gold. As this dry part- 
ing is even troublesome as well as expensive, it ought not to be un- 
dertaken but on a considerable quantity of silver alloyed with gold. 
The general procedure is as follows.—- The metal must be granulated; 
from 1-8 to 1-5 of it, (according as it is richer or poorer in the gold,) 
is reserved, and the rest well mingled with an eighth of powdered 
sulphur; and put into a crucible, keeping a gentle fire, that the silver, 
before melting, may be thoroughly penetrated by the sulphur; if 
the fire be hastily urged, the sulphur will be dissipated. If to sul- 
phurated silver infusion, pure silver be added, the latter falls to the 
bottom, and forms there a distinct fluid, not miscible with the other. 
The particles of gold having no affinity with the sulphurated silver, 
join themselves to the pure silver wherever they come in contact, 
and are thus tranferred from the former into the latter, more or 
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kss perfectly, according as the pure silver was more or less thorough^ 
ly diffused through the mixture. It is for this use that a part of the 
granulated silver was reserved. The sulphurated mass being brought 
into fusion, and kept melting for nearly an hour in a covered crucible, 
one third of the reserved grains is thrown in, which, when melted, 
the whole is well stirred, that the fresh silver may be distributed 
through the mixed to collect the gold from itj this is performed with 
a wooden rod. This is repeated till the whole reserved metal be in- 
troduced. The sulphurated silver appears, in fusion, of a dark brown 
colour; after it has been kept in fusion for a certain time, a part of 
the sulphur having escaped from the top, the surface becomes white, 
and some bright drops of silver, about the size of a pea, are perceived 
OB it When this happens the fire must be immediately disconti- 
nued, for otherwise more and more of the silver thus losing its sul- 
phur, would subside and mingle with the part at the bottom, in which 
the gold is collected. The whole is poured into an iron mortar greased 
and duly heated. The gold diffused at first through the whole mass, 
is now found collected in a part of it at the bottom, (amounting only 
to about as much as was reserved unsulphurated from the mass,) by a 
chisel or hammer, or more perfectly by placing the whole mass with 
its bottom upwards in a crucible, the sulphurated part quickly melts, 
leaving, unmelted, that which contains the gold. The sulphurated 
silver is assayed, by keeping a portion of it in fusion in an open cru- 
cible, till the sulphur is dissipated, and then by dissolving it in aqua- 
fortis. If it should still be found to contain gold, it must be sub- 
jected to the same treatment as before. The gold thus collected may 
be concentrated into a smaller part by repeating the whole process, 
so that at last it may be parted by aqua*fortis without too much ex- 
pense. 

IRON AND STEEL. 

Expeditious mode of reducing iron ore into malleable iron.— The 
way of proceeding is by stamping, washing, &c. the calcine and ma^ 
terials, to separate the ore from extraneous matter; then fusing the 
prepared ore in an open furnace, and instead of casting it, to suffer 
it to remain at the bottom of the furnace till it becomes cold. 

New method of shingling and manufacturing tVon.— The ore being 
fused in a reverberating furnace, is conveyed, whilst fluid, into an 
air-furnace, where it is exposed to a strong heat, till a bluish flame 
is observed on the surface; it is then agitated on the surface, 
till it loses its fusibility, and is collected into lumps called loops. 
These loops are then put into another'air-fumace, brought to a white 
or welding heat, and then shingled into half-blooms or slabes. They 
are again exposed to the air-furnace, and the half-blooms taken out 
and forged into anconies^ bars, half flats, and rods for wiref while 
the slabes are passed, when of a welding heat, through the grooved 
rollers. In this way of proceeding, it matters not whether ^e iron 
is prepared from cold or hot-short metal, nor is there any occasion 
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for the use of finery, charcoal, coke, chafery, or hollow fire $ or any 
^)last by bellows, or otherwise : or the use of fluxes, in any part of 
the process. 

•Approved method of welding iron.— 'This consists in the skilful 
bundling of the iron to be welded ; in the use of an extraordinary 
large forge-hammer, in employing a haUing-fumace^ instead of a hoU 
low fire or chafery; and in passing the iron, reduced to a melting heat, 
through grooved mill-rollers of difiPerent shapes and sizes, as required. 

Common hardening. — Iron, by being heated red hot, and plunged 
into cold water, acquires a great degree of hardness* This ,pro- 
ceeds from the coldness of the water which contracts the particles 
of the iron into less space. 

C^e-AoreZentng*.— Case-hardening is a superficial conyersiion of 
iron into steel by cementation. It is performed on small pieices of 
iron, by enclosing them in an iron box, containing burnt leather, 
bone-dust, or any other carbonic material, and exposing them for 
some hours to a red heat. The surface of the iron thus becomes per* 
fectlymetalized. Iron thus treated is susceptible of the finest polish. 

To convert iron into steel by cementation. — ^The iron is formed 
into bars of a convenient size, and then placed in a cementing fur« 
nace, with sufficient quantity of cement, which is composed of coals 
of animal or vegetable substances, mixed with calcined bones, 8cc. 
The following are very excellent cements: — 1st, one'part of powdered 
charcoal, and half a part of wood-ashes well mixed together } or, 
2dly, two parts of charcoal, moderately powdered, one part of bones, 
horn, hair> or skins of animals, burnt in close vessels to blackness 
and powdered; and half a part of wood ashes; mix them well toge- 
ther. The bars of iron to be converted into steel, are placed upon 
a stratum of cement, and covered all over with the same ; and the 
vessel which contains them, closely luted, must be exposed to a red 
heat for 8 or 10^'hours, when the iron will be converted into steel. 

Steel is prepared from bar-iron by fusion ; which consists of 
plunging a bar mto melted iron, and keeping it there for some time, 
by which process it is converted into good steel. 

All iron which becomes harder by suddenly quenching in cold 
water is called steel; and that steel which in quenching acquires the 
greatest degree of hardness in the lowest degree of heat, and retains 
the greatest strength in and after induration, ought to be considered 
as the best. 

Improved process of hardening «/ec/.— Articles manufactured of 
steel for the purposes of cutting, are, almost without an exception, 
hardened from the anvil; in other words, they are taken from the 
forger to the hardener without undergoing any intermediate process: 
and such is the accustomed routine, that the mischief arising has 
escaped observation. The act of forging produces a strong scale or 
coating, which is spread over the whole of the blade ; and to make 
the evil still more formidable, this scale or coating is unequal in 
substance, varying in proportion to the degree of heat communicated 
to the steel in forging ; it is, partially, almost impenetrable to the 
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action of water when immersed for the purpose of hardening. Hence 
it is that different degrees of hardness prevail in nearly every razor 
manufactured: this is evidently a positive defect; and so long as it 
continues to exist, great difference of temperature must exist like- 
wise. Razor-blades not unfrequently exhibit the fact here stated in 
a very striking manner; what are termed clouds, or parts of unequal 
polish, derive their origin from this cause ; and clearly and dis- 
tinctly, or rather distinctly though not clearly^ show how far this 
partial coating has extended, and where the action of the water has 
been yielded to, and where resisted. It certainly cannot be a matter 
of astonishment that so few improvements have been made in the 
hardening of steel, when the evil here complained of so universally 
obtains, as almost to warrant the supposition that no attempt [has 
ever been made to remove it. The remedy, however, is easy and 
simple in the extreme, and so evidently efficient in its application, 
that it cannot but excite surprise, that, in the present highly im- 
proved state of our manufactures, such a communication should be 
made as a discovery entirely new. 

Instead, therefore, of the customary mode of hardening the blade 
from the anvil, let it be passed immediately from the hands of the 
forger to the grinder ; a slight application of the stone will remove 
the whole of the scale or coating, and the razor will then be properly 
prepared to undergo the operation of hardening with advantage. It 
will be easily ascertained, that steel in this state heats in the fire 
with greater regularity, and that when immersed, the obstacles be- 
ing removed to the immediate action of the water on the body of 
the steel, the latter becomes equally hard from one extremity to the 
other. To this may be added, that, as the lowest possible heat at tohick 
steel becomes hard is indubitably the besty the mode here recommended 
will be found the only one by which the process of hardening can 
be effected with a less portion of fire than is, or can be required in 
any other way. These observations are decisive, and !will, in all 
probability, tend to establish in general use what cannot but be re- 
garded as a very important improvement in the manufacturing of 
edged steel instruments. 

English cast steel, — The finest kind of steel, called English coat 
steely is prepared by breaking to pieces blistered steel, and then 
melting it in a crucible with a flux composed of carbonaceous and 
vitrifiable ingredients. The vitrifiable ingredient is used only inas- 
much as a fusible body, which flows over the surface of the metal 
in the crucibles, and prevents the access of the oxygen of the at- 
mosphere. Broken glass is sometimes used for this purpose. 

When thoroughly fused it is cast into ingots, which by gentle 
heating and careful hammering, are tilted into bars. By diis pro- 
cess the steel becomes more highly carbonized in proportion to the 
quantity of flux, and in consequence is more brittle and fusible than 
before. Hence, it surpasses all other steel in uniformity of texture, 
hardness, and closeness of grain, and is the material employed in all 
the finest articles of English cutlery. 
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To make edge-tools from cast steel and iron. — ^This method consists 
in fixing a clean piece of wrought iron, brought to a welding heat, 
in the centre of a mould, and then pouring in melted steel, so as 
entirely to envelope the iron ; and then forging the mass into the 
shape required. 

To colour steel blue. — ^The steel must be finely polished on its sur- 
face, and then exposed to an uniform degree of heat. Accordingly, 
there are three ways of colouring : first, by a flame producing no 
soot, as spirit of wine 5 secondly, by a hot plate or iron 5 and thirdly, 
by wood ashes. As a very regular degree of heat is necessary, 
wood-ashes for fine work bears the preference. The work must be 
covered over with them, and carefully watched 5 when the colour is 
sufficiently heightened, the work is perfect. This colour is oc- 
casionally taken off with a very dilute marine acid. 

To distinguish steel from iron.— The principal characters by which 
steel may be distinguished from iron, are as follow : 

1. After being polished, steel appears of a whiter, light grey hue, 
without the blue cast exhibited by iron. It also takes a higher polish. 

2. The hardest steel, when not annealed, appears granulated, but 
dull, and without shining fibres. 

3. When steeped in acids, the harder the steel is, of a darker hue 
is its surface. 

4. Steel is not so much inclined to rust as iron. 

5. In general, steel has a greater specific gravity. 

6. By being hardened and wrought, it may be rendered much more 
elastic than iron. 

7. It is not attracted so strongly by the magnet as soft iron. It 
likewise acquires magnetic properties more slowly, but retains them 
longer ; for which reason, steel is used in making needles for com- 
passes, and artificial magnets. 

8. Steel is ignited sooner, and fuses with less degree of heat than 
malleable iron, which can scarcely be made to fuse without the ad- 
dition of powdered charcoal ; by which it is converted into steel, and 
afterwards into crude iron. 

9. Polished steel is sooner tinged by heat, and that with higher 
colours, than iron. 

10. In a calcining heat, it suffers less loss by burning, than soft 
iron does in the same heat, and the same time. In calcination a 
jight blue flame hovers over the steel, either with or without a 
sulphureous odour. 

1 1. The scales of steel are harder and sharper than those of iron; 
and consequently more fit for polishing with. 

12. In a white heat, when exposed to the blast of the bellows 
among the coals, it begins to sweat, wet, or melt, partly with light- 
coloured and bright, and partly with red sparkles, but less cracklitig 
than those of iron. In a melting heat too, it consumes faster. 

13. In the vitriolic, nitrous and other acids, steel is violently at- 
tacked, but is longer in dissolving than iron. After maceration, ac- 
cordmg as it is softer or harder, it appears of a lighter, or darker 
grey colour 5 while iron pn the other hand is white. 
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JEolopile 

Anneal - - - 

^nvil . . - 

^rbor - - - 

tdffn - - - 

^rms {axle) 

Jlsh-hole - - - 

fraction of cohesion 

ofgaviiation 

Augur . - - 

Automaton 

^xis . - - 
— of oscillation - 
— - tn peritrochio - 

— — of rotation 
Backboards 

Baddash 
Back'Waier 

Balance . . - 



A hollow metallic ball, with a small orificCf 
to show the power of steam. 

To expose iron or other metals to the action 
of fire, in order to reduce them to a greater 
degree of tenacity. 

A block or mass of iron, with a hardened 
steel surface, on which smiths and other 
artificers hammer and fashion their work. 

The principal spindle or axis which commu- 
nicates motion to the other parts of a ma- 
chine. 

The length of the sail of a windmill measur- 
ed from the axis. 

The two ends of an axle-tree: projecting 
supports in machinery. 

A receptacle for the ashes which fall from 
the hearth of a furnace. 

The attraction which holds the particles of 
matter to each other. 

The force which causes all ponderous bodies 
to fall towards the earth's centre. 

The wimble or tool used in the boring of 
woods. 

A machine which, by an internal arrange- 
ment, seems to move of itself. 

The spindle or centre of any rotatory motion. 

The shaft upon which any body vibrates. 

One of the six mechanical powers ; usually 
called the wheel and axle. 

The shaft round which any body revolves. 

Boards attached to the rims of the water- 
wheel, to prevent the water running off 
the floats into the interior of the wheel. 

The hobbling movement of a wheel not fixed 
firm on its axis. 

The water which impedes the motion of a 
water-wheel during floods, or from other 
causes. 

An instrument which, by the application of 
the lever, exhibits the weights of bodies. 
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Batten - - - The movable lath or bar of a loom which 

serves to strike in or close, more or less, 

the threads of a woof : a long narrow slip 

of wood in carpentry 
Batter - - - A machine used early in the process of the 

cotton manufacture. 
Bayonet - - - A piece of wood or metal with two legs to 

disengage and re-engage machinery : vide 

Mill-Geering. 
Beats ... The strokes made by the pallets or fangs of 

a spindle in clock or watch movements. 
Beeile - - - An implement for flattening the texture of 

linen or woollen cloth: a heavy mallet. 
Bevel-geer - * Wheels in which the teeth are set at angles 

of various degrees from the radius. 
Bitts ... Small tools used in boring. 
Bloom - - - A bar of iron to be passed through the rol- 
lers of an iron-mill to be elongated into a 

bar, rod, or hoop. 
Blunging - . The act of mixing or kneading clay for the 

potter *s use. 
Bobbins - - - Little circular pieces of wood on which the 

thread of cotton, silk. Sec. is wound. 
Bolter - - - A machine for sifting meal. 
Bolting-cloth - - A cloth through which the sifted meal runs. 
Brace - - - A curved instrument of iron or wood for 

moving small boring tools called bitts. 
Bracket - - - A support fixed to a wall. 
Brake - - - A machine for separating the cuticle or outer 

skin from the flax plant. 
Brazing - - - The soldering or joining two pieces of metal 

by melting of brass between the pieces to 

be joined. 
Breast ... The first part of a revolver carding-engine. 
Breasting - . The circular sweep ofmasonry, Sec which sur- 
rounds the shuttle side of a breast-wheel. 
Breast-plate - - A small piece of steel with holes to receive 

the ends of a drill. 
BreastAoheel - - A water-wheel on which water is admitted 

at or nearly level with the axis. 
Buff-stick - - A piece of wood covered with buff leather, 

used for polishing. 
Bullet - - - To alter the wards of a lock in such manner 

that they may be passable by more than 

one key. 
Bush - - - A hole in the nave of a wheel. 
Cseteris paribus - Other things being equal. 

Calibre ... The diameter of a hole. 
Calk - - - To force oakum, tow, or other material in 
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Camb 
Capstan 



Carbon 
Card 



Case-harden 
Casting 

Catch 

Cement - 
Centre-bit 
Centrifugal 
Centripetal 
Chafery - 



Chaliometer 

Chamfer 

Checks 



Chord 
Chuck 



Circumference 
Clack 

Clamp 
Clip 

Clutch 
Cockling - 
Cocoon - 
Cog 



Concentric 
Conspiring forces 
Constant forces 



the joints of vessels, to make them steam, 
air, or water-tight. 
An eccentric. 

A vertical post resting on a pivot and turned 
by powerful arms or levers to raise heavy 
weights by crane work| a windlass. 
Charcoal. 

Piece of leather containing numerous iron- 
wire teeth, forming a species of comb; 
vide Cotton Manufacture. 
The process of converting the surface of iron 

into steel. 
The act of forming metal or other matter 
into any required shape, by pouring it 
into moulds while in a fluid state. 
Various contrivances in mechanics, to act on 

the principle of a latch. 
A composition for joining hard bodies. 
A boring tool in carpentry. 
Flying from the centre. 
Flying to the centre. 

A kind of forge in the iron manufacture, 
where the metal is exposed to a welding 
heat. 
An instrument to measure heat. 
A groove to receive the tenon in carpentry* 
A term generally applied to those pieces of 
timber in machinery, which are double, 
and correspond with each other. 
Perpendicular let fall from any radius of a 

circle. 
That part of a lath which revolves with the 
arbor: to this is afiixed the article to be 
turned. 
The measure round any circle. 
A bell so contrived that it shall riog when 
more com is required to be put in the mill. 
A pile of unbumt bricks raised for burning. 
An arrangement to impede velocity by fric- 
tion. 
Vide Bayonet. 
To entangle. 

A small ball of silk spun by a silk-worm. 
This word, correctly speaking, implies teeth 
formed of a different material to the body 
of the wheelj but is generally used to ex- 
press all kinds of toothed wheels. 
Having the same centre. 
Various forces combined into one. 
Force without interruption. 



APPENDIX. 



341 



Contractile forces 
Core 

CounterainJc 



Couplings 
Coupling-box 

Crank 

Crow-bar 

Crown-wheel 

Cycloid - 
Cylinder - 
Lam 

Lata 

Lecimeter 

Lent 

Levil 

Liameter - 

Lie 

Loffer . 

Loffing-plote 

Log 

Lraw-plate 



Lrench 
LriU-bow 

Lrum 

Luctile 

Eccentric 



Forces which decrease. 

The internal mould which forms a hollow in 

foundry : as the hollow of a tub or pipe. 
To take off the edge round a hole to let in a 

screw-heady that it may be even with the 

surface. 
To connect two shafts or spindles longitudi- 
nally. 
A strong piece of hollow iron to connect 

shafting and throw machinery in and out 

of geer. 
A bent part of a shaft, by means of which a 

rectilinear motion is gained. 
A strong bar of iron used as a temporary 

lever. 
A wheel which has teeth at right angles to 

its radii. 
A geometric curve. 
A long round bodyj a roller. 
The bank or wall which pens back the water 

in a mill-head. 
Facts from which we may deduce results. 
To measure by tenths. 
The wire staple which constitutes the tooth 

of a card. 
A machine for dividing rags or cotton in the 

first process of the manufacture of paper 

or cotton. 
The line which passes through the centre of 

a circle. 
Pieces of steel for cutting screws, having the 

threads countersunk on them : a staitep* 
That part of a carding machine which takes 

the cotton from the cylinder. 
The plate which receives the cotton from the 

doffer. 
A piece in small machinery which acts as a 

pall. 
A steel plate, having a gradation of conical 

holes, through which metals are drawn to 

be reduced and elongated. 
To wet or inundate. 

A small bow moved by hand to impart mo- 
tion to a drill, 
A hollow cylinder. 
Malleable and soft 

Deviating from the centre; as cambs, at- 
tached to the rim or circumference of a 

shaft for lifting forge hammers, stampers, 

8cc. 



342 

Effective-head 

Effluent - 

Efflux 

Epicycloid 

Equilibrium 



Escapement * - 

Face of the tooth 
Faggot - 
Fan 



Femak-acrew - 
tile 

First'-mover 
Fhmch 

Flank of the tooth 

Float 

Floodgate 

Mux 

Fly-wheel 
Foot-brake 
Forge 

Forge 
Friction - 
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The real head, or that which can be applied 
to practice. 

Flowing from; running out. 

The act of flowing out. 

The curve described in the air by a point on 
the circumference of a circle, when this 
circle rolls on another circle as its base. 

That peculiar state of rest in which a body 
is maintained by the force of gravitation, 
when the Quantity of matter in it is ex- 
actly equal on each side of the bar or point 
on which it is supported. 

The part of a clock or watch movement 
which receives the force of the spring or 
weight to give motion to the pendulum or 
balance. 

The curved part of a tooth which imparts 
impulse to another wheel. 

Pieces of iron bound together for re-manu- 
facture. 

Small vanes or sails to receive the impulse of 
the wind, and, by a connexion with machi- 
nery, to keep the large sails of a smock 
wind-mill always in the direction of the 
wind: an instrument to winnow com; also 
to decrease speed by its action on the air. 

The spiral threaded cavity in which a screw 
operates. 

A tool used by smiths for the abrasion of 
metals; denominated, according to its 
fineness, rough, bastard, or smooth. 

Power, either natural or artificial. 

An edge or projection for the better connexion 
of piping or castings of any description. 

The straight part of a tooth which receives 
impulse from another wheel. 

The board which receives the impulse of 
the water either in breast or undershot- 
wheels. 

A strong framing of timber to pen back or 
let out water. 

Ingredients put into a smelting furnace to 

fuse the ore of metals. 
A heavy wheel to maintain equable motion. 

A machine used in the fiax manufacture. 

A manufactory in which metals are made 
malleable; a furnace. 

To form by the hammer. 

Inequality of surface; act of rubbing together. 
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Friiket - - - An iron frame used in printing to keep the 
sheet of paper on the tympan, and to pre- 
vent the margin from being blackened. 

Fulcrum - - The point or bar on which a lever rests. 

Oeering - - Part of mill-work. 

Gibbet - . - That part of a crane which sustains the 
weight of goods. 

Qig-miU - - A mill in which the nap of woollen cloth is 

raised by the application of teasels. 

CHrder - - - • The largest timber in a floor. 

Girt - - - Vide Gripe. 

Gravity - - Tendency towards the centre of the earth: 

weight. 

Gripe - - - A pliable lever which can be pressed against 
a wheel to retard or stop its motion by fric- 
. tion. 

Governor - - A pair of heavy balls connected with machi- 
nery to regulate the speed on the principle 
of central force. 

Gudgeon - - The centres or pivots of a water-wheel. 

Half-etuff - - This term, in general, implies any thing 
half-formed in the process of the manufac^ 
ture. 

Heaid or Heddle - Vide Heddle. 

Heckle - - - A metal comb for the manufacture of flax. 

Heddle . - - That portion of a loom which imparts motion 
to the warp of a web during the process of 
manufacture. 

Hdve - . . The shaft of a forge or tilt-hammer. 

Hopper - - - A funnel in which grain is deposited, whence 

it runs between the stones of a flour-mill. 

Horology - - The^art of constructing machines for measur- 

ing time. 

Hydraulics - - The science which treats of the motion of 
fluids, of the resistance which they oppose 
to moving bodies, and of the various ma- 
chines in which fluids are the principal 
agent. 

Hydrodynamics - The science which embraces the phenomena 
exhibited by water and other fluids, whe^ 
ther they be at rest or in motion: it is gene- 
rally divided into two heads, hydrostatics 
and hydraulics. 

Hydrostatics - The science which considers the pressure, 

equilibrium, and cohesion of fluids. 

Impact - - . Transmission of force. 

Impinge - - To dash against. 

Inertia - - - That tendency which every piece of matter 
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In vacuo 
hochronal 
Isochronous 
Jenney. 

Jib 

EUn 

Kink or Kinklc 

Lateral - 

Lathe . 

Lantern 

Leaves 

Lever 

lAne of centres 



Locomotive 
Loom 

Machinist 
Mandrel 



Mastering 
Matrice - 

Maoeimum 

Mechanist 
MilUhead 
MaUtail 

Minimum 
Momentum 
Monkey - 

Mortise - 
Movement 
Nave 

Nealing - 
Nippers - 

Nitric acid 
Ouse 



has, when at rest, to remain at restj and 
when in motion, to continue that motion. 

Empty space, void. 

Of equal duration. 

The vibrations of a pendulum. 

A machine used in the process of the cotton 
manufacture. 

Ftcfc Gibbet. 

A place where bricks are burnt. 

The entangling of cordage from overtwisting. 

A horizontal or lengthwise movement. 

Machine used by turners. 

A wheel with staff-teeth; the trundle or wal- 
lower. 

The teeth of a pinion. 

One of the mechanical powers. 

A line drawn from the centre of one wheel to 
the centre of another, when their circum- 
ferences touch each other. 

The power of changing place. 

A machine used by weavers in the making of 
cloth. 

One who makes machines. 

Part of a lathe 5 Cone used by smiths; a cy- 
lindrical piece of polished iron or steel 
put down the core or hole of a pipe during 
the process of elongation. 

Preparation of lime used by tanners. 

The concave form of a letter in which the 
types are cast. 

Is the utmost extent of any movement or 
power. 

One acquainted with the laws of mechanics. 

The head of water which is to turn a mill. 

The water which has passed through the 
wheel-race, or is below the mill. 

The reverse of maximum. 

The force possessed by matter in motion. 

A weight or mass of iron let fall from a 
height to drive piles into the earth. 

A joint. 

The working part of a watch or clock. 

The centre, or that part of a wheel in which 

the spokes or arms are fixed. 
Vide Annealing. 

Pincers with cutting edges for dividing me- 
tals. 

A corrosive acid extacted from nitre. 

Preparation of bark used by tanners. 
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Overskot-wheel 
Oscgfd 



Paddle 
PaU 



PtdUt - 
Pendulum 



Periphery 

PerpenduaUar 

Pick 

Pile 



Pin - * 

Pincers - 

PimOn 
Pirn 
Piston - 

Piteh4ines 

Piieh of the wheel 

Pivot 

Plaiina • 

PHers - 
Pbmb - 

Phmgtr ' 

Portable ^eam-em 



Vol. 



eam^engme 



A wheel which rcoeifes the water in. buckets 
at not more than 45 degrees from the 
apex. 

A combination of oxygen with a metallic or 
other base. 

A gas which supports combustion. 

A kind of oar i floats to a wheel. 

A small piece of metal which falls between 
the teeth of a ratchetrwheel, to prevent a 
load which has been raised from descend- 
ing when the operative power is removed. 

That part of a watch or clock escapement on 
which the crown-wheel strikes. 

A weight suspended by a flexible cord to aa 
axis, so as to swing backwards and for- 
wardsy when once raised, by the force of 
gravitation. 

The circumference of a wheel. 

At right angles to a given base. 

A chisel for dressing the stones of a flour- 
mill. 

A large piece of timber, pointed at one end, 
to drive into the earth to sustain the piers 
of bridges, Bcc. 

To strike a piece of metttl with the narrow 
end of a hammer Xm form dents and pro- 
duce elongation. 

A tool formed by placing two Jevers on one 
fulcrum, regulated by a screw-movement, 
for holding bodies firmly. 

A smaU toothed wheel. 

The wound yarn that is on a weaver's shuttle. 

A plug made to fit tight and work up and 
down a cylinder in hydraulic engines. 

The touching circumferences of two wheels 
which are to act on each other. 

The distance from the centres of two teeth, 
measured upon their pitch line. 

A short shaft on which a body turns or vi- 
brates. 

A white metal capable of withstluidiBg great 
heats. 

A small tool constructed similarly fb pincers. 

A leaden weight suspended by a cord to as« 
certain the perpendicular. 

A body that is forced into a fluid in hydraulic 
engines, to displace its own weight. 

A steam engine built in a compact form. 
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Proporttonal circles 
Proportional radii 

• Puddling 

PuddHng'furnace 
PuUey . 
Quintal - 

Babbit or Rap4t 

Race 

Back - 

Radii 
Radfius - 

Rasp 



Rasure - - - 

Ratcbr - - 

Ratchet-wheel - 

Reciprocating - 
Rectilinear or rectilineal 
Reed 

Reguiator 



Reel 

•Reeling - - - 
Reaoiution of forces 
Reservoir 
ReverheHttOfy - 
Reverberatory-furnace 

Rivet 



Roller-gin 



and not attached to the wall of the building 
in which it works. 

Vide Pitch-lines. 

The radii of two circles whose circumfer- 
ences are in contact. 

The act of ramming with clay to arrest the 
progress of water. 

A furnace used in the iron manufactures. 

A small wheel over which a strap is passed. 

A French or Spanish weight equivalent to 
100 lbs. of those respective nations. 

The strong wooden spring against which the 
fbrge hammer strikes on its ascent 

The canal along which the water is conveyed 
to and from a water-wheel. 

A straight bar which has teeth similar to those 
on a toothed wheel. 

The plural of radius. 

The semi-diameter of a circle 5 the arm or 
spoke of a wheel. 

A species of file, on which the cutting pro- 
minences are distinct, being raised by a 
point instead of an edge. 

The act of scraping. 

A bar containing teeth into which the pall 
drops to prevent machines running back. 

A wheel having teeth similar to those of a 
ratch. 

Acting alternately. 

Consisting of right lines. 

Part of a loom resembling a comb for divid* 
ing the warp. 

A small lever in watch-work, which, by be- 
ing moved, increases or decreases the 
amount of the balance spring that is allow- 
ed to act. 

A frame on which yam may be wound. 

The act of winding yarn on a reel. 

Vide <« Of the Action of Forces,'* page 5. 

A large basin or conservatory of water. 

Beftting back. 

A furnace used in the iron and copper manu- 
factures. 

To form a head by the percussion of a ham- 
mer, to prevent a piece of metal which has 
been passed through an orifice, to connect 
things together, from returning. 

A machine to divest cottoa of the husk and 
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Rotatory 
Rowans 

Rubber 
Rubble 
Rynd 

Safety'valve 



SaW'gin 
Scardling 

Scapement 
Scotching 

Scoria 
Stowering barrel 



Scrap-iron 

Screw 
Scribbler-engine 

Shaft . 

Sheeve 
Shoulder 

Shrouding 

Shuttle 



Size 



Stag - . 
Sledge-hqmmtr 

Slip 

Sluice - 
Snail movement 
Solder - 



other superfluous parts, previous to the 
commencement of the manufacture. 

Revolving. 

Cotton in that part of the manufacture be- 
fore it goes to the roving frame. 

A heavy file used for coarse work. 

A mode of buildings vt(fc Masonry, p. 98, vol. ii. 

The piece of iron that goes across the hole 
in an upper mill-stone. 

A valve which fits on the boiler of a steam- 
engine to guard again«t accidents by the 
steam obtaining too high a pressure. 

A machine on the principle of the roller-gin.' 

The length, breadth, and thickness of any 
solid body taken lineally. 

Vide Escapement. 

The operation of packing hemp before it goes 
to the market. 

Slag from a smelting furnacr. 

An octagonal, or other shaped b«»rel,in which 
scrap-iron, &c. is cleansed from rust by 
friction as it revolves. 

Various pieces of old iron to be re-mSinufac- 
tured. 

One of the mechanical powers. 

An engine used in the process of the cotton 
manufacture. * 

A long piece of wood or metal, on which 
large wheels ave fixed in milUwotk. 

A small kind of pulley. 

A support by means of a projection from a 
surface^ 

The boards, Sec. which form buckets of water- 
wheels* 

An arrangement to allow or shut off water 
from a water-wheel; a small piece of wood 
which carries the thread ia weaving. 

Gelatinous matter made from animal or Vege- 
table substances, and appli^^ to fibt'oitt^ttea- 
teirials to impart stiffness. '\} 

Scoria, or refiise from an iron furnace. 

A heayy hiimmer, used by a smith with both 
hands. 

Fotterf s clay of the requisite consistency. 

Vent for water; a kind of flood-gate. 

An eccentric. ' 

Variou^compounds of metals for conjoining 
other metals that are less fusible than such 
compound. 
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Spafable$ 
Spatula 
Spindk 

Spokes 



Spring'arbor 

spring-box 

tSpur-geer 

SpUce 



stqsr . 

Staking'On 
Startor Strut 



Stmts 

Steamboat 

Steam'-mgine 

Steel^fford 



Stereotype 

Strike ' 

Strata - 
Strahm 

sttor - 



Sumg 
Sunfta - 
Swingling 
String^ree 
SvjivU - 
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From sparrow^billy small nidls to driTe into 

shoes* 
A thin knife, used mostly to extend snperfi- 
daily some semi-fluid matter. 

A thin piece of wood or steel on which yam 
is wound after it has been twbted: a small 
kind of shaft. 

The radial pieces which connect the periphe- 
ry of a wheel with its centre-piece or nave: 
this term is only applied to carriages* 

An elastic body formed of metal or wood. 

The arbor or spring round which the main 
spring of a watch is wound* 

The box which contains the main spring* 

Wheels whose axes are parallel to each other. 

To conjoin lengthwise two flexible pieces: by 
the interposition of their respective parts^ 
so as to maintain them in conjunction by 
friction. 

The teeth of a trundle, lantern, or wal- 
lower. 

To drive wedges in the bush of a wheel or 
pulley, to fix it firm on a shaft or spindle* 

The partitiona which determine the form of 
a bucket in an over-shot wheel; the shoulder 
or wrest* 

The plural of staft 

A boat moved by steam power. 

A machine for applying the force of steam to 
create motion. 

A machine which denotes the weight of bo- 
dies by placing them at different distances 
from its fulcrum* 

The art of casting solid plates from movable 
types, to print from. 

A thing used to strike any thing level in a 
measure: the strickle. 

The plural of stratum. 

A single layer or bed of any one thing* 

This term is apjAed to an infinite variety of 
things; wood is, by the carpenter, called 
stuff, so is Unie and hair by the bricklafftr, 
and plaster by the plasterer, &c* 

An unequid or KobUfeg motion. 

The rapid movement in« parding machint. 

Vide Scotching^ 

Any b«Ma that vibrates. 

A thing fi»d m iaother body to tuta ro«md 
upon. 
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Syphon - 

Tail^aier 

TatA 
Teasels 

Ttnon 
Tili'hammer - 

Treadk 

ThrowsHng - 
TrMet 
Truckks 
Trundle 

Tlnfere or 7\U'iron 

jyfnpan 

UnderAdt'Wheel 

Vaetmm 

Fahe 

Vme 

Tappets 

Varnish 

Velocity 

VerHcal 

Vibration 

Virtual head - 

Vis-inertia 

Wabble 

WaUower 

Warp 

Washers 



A bent tube with unequal legs through which 
a fluid will flow by the force of gravity. 

Water which impedes the water-wheel in mill 
work. 

Reservoir for water, &c. 

Thistles used' to raise the nap of cloth in the 
gig-mill. 

That part which fills up the mortise. 

A hammer lifted by machinery, to forccAron 
or steel. 

A lever afiixed to a crank which communi- 
cates tiotion to machinery by a foot move- 
ment. 

Spinning. 

Vide Mandrel. 

Small rollers for diminishing friction* 

A small wheel with sta£F teeth $ the lantern or 
wallower. 

An orifice through which a blast or strong 
current of air is passed into forges. 

That part of a printing-press on which the 
paper is laid to receive the impression. 

A wheel acted on by water below its centre^ 

Void of air. 

A cover to an aperture, in hydraulic ma- 
chuies, to prevent fluids taking a wrong 
course. 

A flat surface capable of being moved by the 
current of a fluid | as, &r instance, the 
vanes of a windmill, moved by the wind* 

Projections on the plug-tree of a steam en-, 
gine which open and shut the valves at pro- 
per intervals. 

A solution of certain resinous bodies in spi- 
rits or oils, which assumes a solid form on 
dissication. 

The measure of quickness with which a body 
moves. 

Perpendicular to the horizon. 

Rapid alternating motion. 

The real or effective head. 

Vide Inertia. 

A hobbling unequal motion. 

Small wheel with staff teeth; the trundfe or 
lantern. 

The layer of breads which extends the length 
of the piece to be woven. 

Small pieces of metal placed under a nut to 
reduce friction* 
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Watefwhetl - 
^Feathering 
Wedge - 




Weldmg 

Wheel and AxU 

Whteh-race 

Whip 



Whirl . 
Winth - 

Wiper 
Wire-draw 



Wocf . 
Wrest or Wrist 

Yam 
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A wheel which receives its impulse from wa- 
ter. 

The angle at which the sails of a windmill 
are set, to receive the impulse of the wind. 

An angularly shaped piece of wood or metal; 
one of the mechanical powers. 

r%de Woof. 

The measure of the amount of the attraction 
of gravitation in any body compared with 
that of other bodies. 

The property of conjunction possessed by 
some metals at high temperatures. 

One of the mechanical powers. 

The place in which a water-wheel is fixed. 

To bind two rods together with small twine: 
the length of the sail of a windmill mea- 
sured from the axis. 

A rotatory motion with a decreasing speed. 

The lever or handle to which force is applied 
in machines turned by manual labour. 

An eccentric. 

To reduce any longitudinal body exceedingly 
in the transverse section: rapid passage of 
a fluid through a conical orifice. 

Those portions of thread or yam in clotb» 
which lie across the length of the warp. 

The partitions which determine the form of 
the bucket in an overshot wheel; the gtart 
or shoulder. 

The combination of fibrous materials into a 
linear form by torsion. 
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ACCIXSIIATSD MOTION, i. 3. 

Amalgam, to gild copper, &c. by, ii. 289. 
Amalgamation of gold, in the targe way, 

ii. 286. 
Amber varnish, ii. 307. 
Fat, or copal, ii. 808. 
with essence of turpentine, ii. 307. 
American slide rest, i. 834. 
Ancient statues, compoittioo of, ii. 279. 
Anti«attiitioii, ii. 321. 
Assay to, metallic ores, ii. 321. 
in the dry way, ii. 821. 
in the humid way, ii. 322. 
Fluxes, ii. 322. 
Black, ii. 322. 
Crude ofwhite,ii. 322. 
Cornish reducing, ii. 322. 
Cornish refinhig, ii. 822. 
Antimonial ores, ii. 326. 
humid assay of arseniated anti- 
mony, ii. 326. 
Arsenical ores, ii. 826. 

in the humid way, ii, 327. 
. Bismuth ores, ii. 825. 

in the humid way, ii. 326. 
Cinnabar, in the htimid way, ii. 328. 
Cobalt ores, ii. 827. 

in the humid way, ii. 327. 
Copper ores, ii. 326. 

in the humid way, ii. 326. 
Gold, mixed with martial pyrites, 
do. ii. 331. 
Ores and earths containing, ii. 
330. 
Iron ores, ii. 828. 

in the humid way, ii. 823. 
Lead ores, ii. 324. 

in the humid way, ii* 826. 
Manganese ore, ii. 326. 

in the humid way, ii. 326. 
Mercurial ores, ii. 327. 
sulphurated, ii. 328. 
Nickel ore, ii. 327. 

in the humid way, ii. 827. 
Pkted meUls, ii. 330. 
Silver, to ascertain the value, ii. 
829. 
Double assay of, ii. 329k 
Silver ores, ii. 828. 
by cupellation, ii. 828. 



Assay to. Silver ores, 

in the humid way, li. 829. 
Tin ores*, ii. 324. 

in the humid way, ii. 824. 
Zinc ores, ii. 824. 

in the humid way, ii. 824. 

Balloons, to vamish, ii. 816. 
Bark-mill, ii. 7. 
Barker's mill, i. 92. 
Batter, i. 887. 
Bath metal, ii. 278. 
Bell metal, ii. 274. 
Bridclaying, vide Building. 
Britannia metal, ii. 274. 
Bronze, ii. 279* 

Composition of ancient stataes, ii.279. 
for plaster figures, ii. 297. 
Brown's Vacuum, or Pneumatic Engine, 

i. 218. 

BUILDINQ. 

Preliminary Observations, ii. 91. 
Bricks, ii. 94. 

Cartwrighf s, ii. 98. 

Clamps, ii. 96. 

Clay-mill, ii. 96. 

Kiln, ii. 96. 
Bricklaying, ii. 109. 
Mensuration of Brieklayers' woik, 

ii. 112. 
Steining wells, ii. 111. 
Tables to assist In calculations, ii. 

118. 
Walline, ii. 109. 

EngOsh bond, ii. 109. 

Flemish bond, iL 109. 
Carpentry, ii. 122. 
Definition of auxiliary rafters, ii. 188. 

Camber-beam, ii. 183. 

Coclting, or cogging, ii. 186. 

Domes, ii. 137. 

Joggles, ii. 136. 

King-post, ii. 184. 

Niches, ii. 139. 

Predentive cradling, ii. 140. 

Pole-plates, ii. 184. 

Puncheons, ii. 134. 

Purlines, ii. 183. 

Rafters, auxiliary, ii. 134. 
Common, ii. 134. 
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BuUdiBC, Carpentry. 

Principal, ii. 188. 
Queen-posts, ii. 184, 
Roofs, ii. 186. 
Straining-beam, ii. 184. 

Ciil, ii. 184. 
Struts, ii. 184. 
Tie-beam, ii. 188. 
Wall-plates, ii. 188. 
Flooring, ii. 181. 
Framing of centres for groins, ii. 

180. 
Joining two timbers in any gi?en 
direction, ii. 125. 
by moKise and tenon, ii. 126. 
by a notched joint, ii. 126. 
of timbers, with reference to 
plate, ii. 129. 
Mensuration of Carpenters' work» 

ti. 141. 
Partitions, ii. 181. 
Practical Observations, ii. 182. 
Roofinc, ii. 181. 

Roofi defined, ii. 185. 
Timbers inserted in walls, ii. 180. 
Scarfing. Joining two pieces of tim- 
ber by means of a single step 
OD eacb piece, ii. 128. 
Scarf with parallel joints, and a 
single table upon each piece, 
U. 124. 
Scarf formed by severat steps, U. 

124. 
Scarf widi a bevel joint, ii. 124. 
Scarfs witii long bMiings, ii. 124. 
Trussing, ii. 124. 
Girders to sustain very heavy 

weights, ii. 125. 
Walls, timbers inserted into, ii. 
ISO. 
Glazing, ii. 197. 
Mensuration of Glazier's work, iL 
201. 
Jomery. To construct the surface 
of a poftioD of a cjliaderj with 
wood, whea the fibres are at 
* rigbt angles to the ^%\a of the 
cyticder, Li. 14$. 
To betid a ho^rd eo r» to form the 
frtiAtum of a eonaj or any seg- 
mcintat portian of the 5tistum 
of a Gonei Ii. 149. 
DovelaUJnj^, il, 150, 
• To glue up the shaft of a column, 
supposing it to be tho fitistum 
of A cone, iU 149. 
Best methodiB of eonnectiog pieces 
of wood so as to form an angle, 
a. 161. 



Building, Joinery. 

Measures customary in jofaiers' 

work, U. 164. 
Doors, bead and flush, ii. 162. 
Hanging, ii. 152. 
Jib, ii. 151. 
Hand-rails, iL 160. 
To draw tiie scroll, ii. 160. 
To describe the section, it 161. 
Hinging, ii. 158. 
Hanging doors, shutters, and 

flaps, with hinges, ii. 158. 
To hang two flaps, so that when 
folded back, tney shall be at a 
certain distance irom each oth- 
er, ii. 158. 
To make a rule^hit for a win- 
dow-shutter, ii. 154. 
To form the joints of stiles to be 
hung tocetlier, when|the knuc* 
kle of the binge is placed on 
the contrary side of the rebate, 
U. 154. 
To construct a joint for hanging 
doors with centres, ii. 154. 
Sash-frames, sashes and shutters, ii. 

154. 
Stairs, ii! 155. 
Bracket, ii. 15T. 
I)og-l«gKed, ii. 169. 
Geometrical, ii. 156. 
Ditto, ii. 158. 
To draw the scroll of a hand-rail, 

ii. 160. 
To draw tiie curtail steps, ii. 160. 
To find the parallel thickness of 

tiie plank, ii. 161. 
To descfibe a section of a hand- 
rail, it 161. 
Masonry, ii. 98. 
Arching, ii. 108. 

Definition of arches and viults» 
ii. 101. 
Mensuration of Masons' work, 11. 

105. 
Masonry. Waiting, If . 99. 
Painting, ii. 201. 
Mensuration of PaUiten' wwk, il. 
204. 
Plastering, ii. 168. 
Cornices, ii. 177. 
Fine stuff, ii. 178. 
Gauge stuff, ii. 1T8. 
Lathing, iL 178* 

Latiiing, floating, and set, ii. 174. 
Lathing, laying, and set, ii. 174. 
Laying, 11. 174. 
Lime and cement, ii. 169. 
Lime and hair, ii. 178. 
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Building, Plastetiog. 

Parker's cement, ii. 180. 
Plaster of Paris, ii. 171. 
Pricking up, ii. 174. 
Rendenng and set, ii. 175. 
Rough casting, ii. 176. 
Sca^iola, ii. 181. 
Stucco, ii. 179. 
Plumbing, ii. 190. 
Lead, ii. 191. 
Sheet, ii. 192. 

Covering roofii with, ii. 196. 
Pipes, ii. 195. 
Mensuration of plumbers* work, 

U.197. . 
Pumps, ii. 197. 
Slating, ii. 183. 
Mensuration of slaters' work, ii. 189. 

Carpbittrt, vide Building. 
Centrifugal force, i. 4. 
Centripetal force, i. 4. 
Chain of buckets, i. 86. 
Chain pump, i. 267. 
by Cole, i. 267. 
reversed^ i. 86. 
Chinese sheet lead, ii. 293. 
Chronometers, ii. 69. 
Cider-^press^ i. 294. 
Clock, ii. 48. 
with three wheels and two pinioDS, 
by Dr Franklin, ii. 52. 
l^ Ferguson, ii. 52. 
for exhibiting the apparent daily mo- 
tions of the sun and moon, state 
of the tides, &c. ii. 54. 
Striking part of an eight day clock, 

tt. 58. 
Description of curious clocks, ii. 59. 
Colour and indigo mills, ii. 16. 
Composition of ancient statues, ii. 279. 
Copal varnish, camphorated, ii. 805. 
Colourless, ii. 304. 
Ethereal, ii. 306. 
Fat, ii. 303. 
Fat Amber, ii. 307. 
Gold*coloured, ii 304. 
Turpentine, ii. 306. 
White, ii. 297. 
Copper, blanched, ii. 276. 
To gild, by amalgam, ii. 289. 
Tin, ii. 292. 
Cotton manufacture, i. 386. 
Batter, i. 387. 
Jenny spinning, i. 392. 
Carding-eiigine, i»393. 
Jenny, i. 394. 
Roving Billy, i. 394. 
Mule spinning, i. 887. 
Bobbin and flier roving-frame, 1. 

390. 
Breaker carding eogine, i. 388. 

Vol. II.— 2 U 



Cotton manufacture. 

Carding engine, i. 388. 

Drawing, i. 390. 

Finisher engine, i. 389. 

Mule spinning frame, i. 392. 

Roving frame, i^ 390. 

Stretching frame, i. 891. 
Picker, i. 387. 
Roller gin, i. 386. 
Saw gin, 1. 386. 
Water spinning, i. 394. 

Reel, i. 395. 

Spinning frame, i. 395. 

Throstle, i. 395. 
Coupling. Boring Mill clutch, i. 31. 
Boulton and Watt's coupling link, i. 

32. 
Clutches or Glands,!. 31. 
Self-easing coupling, i. 31. 
Square, with double bearings, i. 30. 

one bearing, i. 30. 
Round, i. 30. 
Crane, i. 286. 
by Bramab, i. 290. 

Ferguson, i. 289. 

Padmore, i. 288. 
Foot, i. 288. 

Movable, by Kier, i. 291. 
Cycloid, to describe the, i. 21. 

Darwin's engine, i. 232. 
Dearborn's pump engine, i. 244. 
De la Faye's machine, i. 229. 
Desagulier's drawer and bucket, i. 242. 
Describe to, the cycloid and epicy- 
cloid, i. 21. 
Disengaging and re-engaging machi- 
nery, i. 32. 
Bayonet, i. 33. 
Fast and loose pulley, i. 33. 
Friction clutch, i. 34. 
Friction cone, I. 34. 
Lever, i. 33. 

Self-disengaging coupling, i. 35. 
Sliding pulley, i. 33. 
Tightening roller, i. 34. 
Dividing machine by Ramsden, i. 321. 
Diying oil, resinous, ii. 303- 

To give a drying quality to fat oils, 
ii.302. 

to poppy oil, ii. 301. 
Drawings or writings, &c. to gild, on 
paper or parchment, ii. 287. 
To varnish, ii. 316. 
To prepare a composition for 
making coloured drawings and 
prints resemble paintings in oil, 
ii. 316. 
Varnish for coloured, ii. 815. 
Dressing boxes, camphorated sandarae 
varnish for, ii. 310. 
To varnish, ii. 313. 
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ELAtnc Gum, to dissolfe, ii. 298. 
EDgravings on copper, metallic casts 

from, ii. 278. 
Epicycloid, to describe, L 21. 
Equalizing the motion of macbiDery, i. 
85. 
Governor for steam-engine, i. 36. 
Water-wbeel, i. 87. 
Ditto,!. 118. 
Wind-mill, f. 124. 
Tachometer by Doukin, i. 39. 
General Observations, i. 43. 
Escapement, ii. 77. 
Recoiling, ii. 78. 
by Cumming, ii. 79. 
for watch, ii. 80. 
by Pryor, ii. 81. 
Reid, ii. 83. 
De la Fons, ii. 86. 

File-cutting Machine, i. 820. 
Fire-engine, by Newsham, i. 277. 
by Rowntree, i. 281. 
byPerkhis,i.288. 
Flax manufacture, i. 408. 
Flour- mills, i. 142. 

Family mill and bolter by RustalJ, i. 
168. 
by Smart, i. 160. 
by Evans, ii. 234. 

Fenwick's Tables, i. 148. 

Foot-mill, i. 161. 

Hand-mill, i. 160. 

Kneading-mill, i. 162. 

Mill-stones, i. 144. 

Observations, 1. 148. 
Flute-key valves, metal for, il. 277. 
Fluxes, to assay by, ii. 322. 

Black, ii. 322. 

Crude of white, ii. 822. 

Cornish reducing, ii. 322. 

Cornish refining, ii. 322. 
Foils, ii. 281. 

To prepare the copper, ii. 281. 

To whiten, ii. 281. 

To colour, ii. 282. 

Amethyst, ii. 283. 

Blue, ii. 283. 

Eagle marine, ii. 288. 

Garnet, Ii. 283. 

Green, ii. 288. 

Ruby, ii. 283. 

Yellow, ii. 283. 

Other colours, ii. 283. 

For chrystals, pebbles, or paste, ii. 
282. 
Force, centrifugal, i. 4. 

Centripetal, i. 4. 
Forces, of the action of, i. 1. 
Forge hammer, i. 842. 
Friction, i. 6. 
Furnace, Blast, i. 839. 



Furnace. Puddling, i. 842. 

Refining, i. 341. 

Steel, i. 350. 
Fusible metals, ii. 273. 

Gallipot Varnish, ii. 313. 
Gas engine, by Brown, i. 216. 
Geering, vide Mill-geering. 
Geometry, ii. 239. 

Problems in, ii. 247. 
Gilding, Grecian, ii. 285. 

Gold powder for, ii. 284. 

Mordant varnish for, ii. 814. 

Oil, on wood, ii. 288. . 

To cover bars of copper with gold, 
so as to admit of being rolled out 
into sheets, ii. 284. 

To dissolve gokl in aqua regia, ii. 
285. 
Gild to, by amalgamation, ii. 286. 

by burnbhing, ii. 289. 

in colours, ii. 285. 

by dissolving gold in aqua regia, ii. 
285. 

Copper, &c. by amalgam, ii. 289. 

Glass and porcelain, ii. 286. 

Iron or steel, ii. 285. 

JLeather, ii. 287. 

Silk, satin, &c. by hydrogen gas, ii. 
288 

Steel, ii. 290. 

The edges of paper, ii. 288. 

Writings, drawings, Stc. on paper or 
parchment, ii. 287. 
Gilding metal, ii. 280. 

For common jewellery, ii. 280. 

Yellow dipping metal, ii. 280. 
Glass and porcelain, to gild, ii. 286. 
Globes, liquid foil fer silvering, il. 294. 

glass, ii. 294. 
Glossary, ii. 338. 

Gold, useful alloy with platinum, ii. 
279. 

from 35s to 40s per ounce, ii. 280. 

Manheim gold, or simUor, ii. 280. 

Ring, ii. 280. 

Amalgam of gold in the large way, ii. 

To dissolve gold in aqua regia, ii. 
285. 

To separate from gilt copper and sil- 
ver, ii. 290. 
Gold, sreen, to heighten the colour of. 

Gold, red, ditto, ii. 290. 

Gold, yellow, ditto, u. 290. 

Golden, or fat turpentine varnish, Ii. 

312. 
Gravity, of the centre of, i. 15. 
GrafiPs pump, ii. 286. 
Gun barrels, to brown, ii. 297. 
Gun metal, ii. 276. 
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Hackle, i. 410. 
Hand-miU, i. 160. 
Hand-pomp by Martito, i. 269. 
JekyI, «. 270. 
Hemp and robe manufacture, i. 424. 
BeetUog, i. 427. 

Brealle's method of steeping, i.426. 
Dew retting) i. 42S. 
Hemp.mili,i. 427. 
Rainbeard's method of steeping^i. 

427, 
SwingHng or scotching, L 428. 
Hiero's Fountain, i. 282. 
Horizontal windmill, i. 189. 
Horology, ii. 48. 
Chronometer, ii, 69. 
Clock with three wheels and two pi- 
nions, by Dr Franklin, ii. 62, 
by Ferguson, ii. 52. 
for exhibiting the apparent daily mo- 
tions of the sun, moOn, and tides, 
u. 54. 
Striking part of an eight day, ii. 58. 
Description of cuiious clocks, ii. 
59. 
Escapement, ii. 77. 
Recoiling, ii. 78, 
by Cumming, ii. 79. 
for watch, ii. 80. 
byPryor,ii. 81 
Reid, ii. 82. 
De la Fons, ii. 86. 
Pendulum, ii. 86. 
Gridiron, by Harrison, ii. 88. 
Lever, Iw £llicott, ii. 88. 
Mercurial, by Graham, ii. 87. 
Tubular, by Reid, ii. 89. 

by Troughton, ii. 89. 
by Ward, ii. 90. 
Sympathy of the pendulums of 

clocks, ii. 90. 
Watches, ii. 62. 
Table of trains for, ii. 66. 
Hungarian machine, i. 283. 

improved by Boswell, i. 235. 
Hydraulics, Archimedes* screw, i. 246. 
Darwin's engine, i. 232. 
Dearborn's pump engine, i. 242. 
De la Faye's machine, i 229. 
Desagulier's drawer and bucket, i. 

242. 
Hiero's fountain, i. 232. 
Hungarian machine, i. 283. 

improved by Boswell, i. 235. 
Noria, i. 230. 
Patemostfer work, i. 231. 
Persian wheel, i. 230. 
Spiral pump, i. 237. 
Trevitheck's pressure engine, i. 246. 
Tympanum, i. 228. 
Fire engine by Newsham, i. 277. 
by R9watree,i.281. 



Hydraulics. 
Pump, i. 260. 
Chain, i. 267. 

by Cole, i. 267. 
Hand, by Martin, i. 269. 
by Jekyl, i. 270. 
Forcing, i. 267. 

byBrunton,i.263. 
Franklin, i. 262. 
Smeaton, i. 265. . 
Stevens, i. 269. 
Tyror, i. 261. 
Lifting, i. 258. 
Suction, i. 250. 
with little friction, I 255. 
by Ctesebius, i. 259. 
Taylor, i. 256. 
Todd, i. 256. 
Method of working ships* pumps, 
by Leslie, i. 268. 
Clark, i. 273. 
Pump pistons by Belidor, i. 276. 
Bounard, i. 274. 
Hydrostatic press by Bramah, i. 295. 

IircLiirsD PLANS, the, u 12. 
Index, ii. 361. 
Indigo-mill, ii. 16. 
Inertia, i. 32. 
Internal pioion, i. 27. 
Iron manufacture, i. 836. 
Blast furnace, i. 838. 
Forge hammer, i. 343. 
Puddling furnace, i. 843. 
Refining furnace, i. 342. 
Re manufacture, i. 346. 
Tilt-hammer, i. 344. 
Tables of the average weight of 
squares, bolts, and bars, i. 848. 
Iron, expeditious mode of reducing iron 
ore into maleable iron, ii. 334. 
New method of shingling and manu- 
facturing, ii. 334. 
To plate, ii. 292. 
To weld, ii. 335. 
To harden, ii. 335. 
To case-harden, ii. 335. 
To convert iron into steel by cemen- 
tation, ii. 335. 
To make edge-tools from cast steel 

and iron, ii. 337. 
To distinguish iron from steel, ii. 
337. 
Ivory, to gild, by hydrogen gas, ii. 288. 

Jacks, common, i. 285. 

Screw, i. 286. 
Jenny spinning, i. 892. 

Carding engine, i. 393. 

Jenny, i. 394. 

Roving Billy, i. 394. 
Joinery, vide Building 
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Knbadinq-mill, i. 162. 
Kustitien*8 metal for tiDoing, ii. 276. 

Laths, by Maudeiley, i. 329. 
Smaft,i.882. 

Lukens, MasoD, &c. i. 812. 
Lacquer for brass, ii. 295. 
for philosopbical instruments, ii. 295. 
for brass watch-cases, &c. ii. 296. 
of various tints, ii. 297. 
Lead manufacture, i. 364. 
Method of extracting the silver, i. 

867. 
Sheet lead, 1. 868. 
Lead pipe, i. 870. 
by Wilkinson,!. 871. 
Lead, Chinese sheet, ii. 293. 
Lead tree, to prepare the, ii, 293. 
Leather, to gild, ii. 287. 
Lever, the, i. 7. 

Combinations of the, i. 16. 
Locomotive engines and rail-roads, ii. 
205. 

Masonbt, vide Building. 
Mastic varnish, compoand, ii. 308. 

Camphorated, for painting, ii. 309. 
Mechanical powe£Sr4« 1, 
Inclined plane, i. 12. 
Lever, i. 7. 
Pulley, i. 11. 
Screw, i. 13. 
Wedge, i. 13. 
Wheel and axle, i. 10. 
Simple combinations of the, i. 16. 
Mensuration of Superficies, ii. 254. 

Solids, U. 268. 
Metal for flute key valves, tt. 277. 
Metallic casts from engravings on cop- 
per, ii. 278. 
Ores, to assay, ii. 821. 
in the dry way, ii. 821. 
in the humid way,ii. 322. 
Watering, or for Blanc Notre, ii. 298. 
Mill-geerin^, i. 20. 
To describe the cycloid and epicy- 
cloid, i. 21. 
Couplings, i. 80. 
Boring mill clutch, i. 31. 
Boulton and Watt's coupling link, 

i.S2. 
Clutches or glands, L 31. 
Round, i. 30. 
Square with double bearings, i. 30. 

with one bearing, i. 30. 
Self-ea&iug coupling, i. 81. 
Universal joint, i. 32. 
Double universal joint, i. 32. 
Disengaging and re-engaging machi- 
nery, i. 32. 
Bayonet, i. 33. 
Fast and loose pulley, i. 83. 



Mill-geering. 

Friction clutch, i. 34. 
Friction cone, i. 34. 
Lever, I. 38. 

Self-disengaging coufding, i. 85. 
Sliding pulley, i. 83. 
Tightening roUer, !. 34. 
Equalizing the motiMi of mac^nery, 
i.35. 
Governor for steam-engine, t 86. 
water-wheel, L 87. 
ditto, i. 118. 
Wind-miU, i. 124. 
Tachometer by Donkin,i. 89. 
General observations, L 43. 
Teeth of wheels, i. 23. 
Spur geer, i. 23. 
Bevel geer, i. 28. 
Mordant varnish for gtlding, ii. 314. 
Mule spinning, t 387. 

Bobbin and flier roving frame, i.391. 
Breaker carding engine, i. 389. 
Carding engine, i. 889. 
Drawing, i. 890. 
Finisher engine, i. 389. 
Mule spinning frame, i. 892. 
Roving frame, L 390. 
Stretching frame, L 891. 

Nball's Verdcal Panting Press, i. 312. 
Noira, i. 280. 

Oil-mill, ii. 9. 
Oil, gilding on wood, ii. 288. 
Poppy, to give a drymg quality to» 

iL 301. 
Fat, ditto ditto, ii. 802. 
Resinous, dryiag, ii. 803 
Ores, to assa^, ii. 821. 
in the d^ way, ii. 321. 

humid way, ii. 322. 
Antimonial, ii. 326. 
humid assay of arsemated anti- 
mony, ii. 326. 
Arsenical, iL 8M. 

in the humid way, iL 827. 
Bismuth ores, ii. 825. 

in the humid way, iL 826. 
Cinnabar, in the humid way, ii. 

328. 
Cobak, ii. 327. 

in the humid way, ii. 827. 
Copper, iL 326. 

in the humid way, ii. 825. 
Gold, ores and earths containing, ii. 
330. 
mixed widi martial pyrites, in 
the humid way, ii. 881. 
Iron, ii. 828. 

in the humid way, ii. 823. 
Lead, IL 824. 
in tiie hwnid way, ii. 826. 
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Ores, to assay. 

Manganese, ii. 326. 

in the humid way, ii. 82e. 
Mercurial, ii. 327. 

Sulphurated, ii. 328. 
Nicltel, ii. 327. 

in the humid way, ii. 327. 
Silver, ii. 328. 

by cupellation, ii. 828. 

in the humid way, ii. 829. 
Tin, ii. 324. 

in the humid way, ii. 324. 
Zinc ores, ii. 324. 

in the humid way, U. 824 
0?ershot-wheel, i. 75. 

with forty buckets, i. 76. 
Smeaton's experimentj^ oo, i. 79. 
by Bums, i. 84. - 
Chain of buelcets, L 86. 
Chain pump reveised, i. 86. 
Method of laying on water, by 

Nouaille, i. 111. 
in Yorkshire, i. 112. 

Paiwtbrs* crxam, ii. 809. 

Paisting, vkte Building. 

Paintings, camphorated mastic Tarnish 

for, it. 809. 
Paper manutactore, i. 873. 

by Dickenson, i. 878. 

by Fourdrinier, i. 878. 

Cutting and planing machine, i. 879. 
Press, i. 294. 

Paper, to gild the edges of, ii. 288. 
Paper works, camphorated sandarac 

▼arni8hfor,ii.810. 
Parting, ii. 33^1. 

by aqua fortis, ii. 331. 

by cementation, ii. 888. 

in the humid way, ii. 833. 
Patent Hose, i. 282. 
Paternoster work, i. 281. 
Pendulum, ii. 86. 

Gridiron, by Hatrison, ii. 88. 

Le?er, by Ellicott, ii. S8, 

Mercurial, by Graham, ii. 87. 

Tubular, by Reid, ii. 89. 

by Troughton, ii. 89. 
by Ward, it ao. 

Sympathy of the pendulamdi of clocks, 
H.90. 
Penstock, by Quale, i. 109. 

Smeatoa, i. 110. 
Perkin*s Engine, i. 288. 
Persian wheel, i. 230. 
Pewter, common, ii. 278. 

best, ii. 278. 

bard, iL 278. 
Picker, i. 387. 
Pile engine by Vauloue, i. 816. 

by Bunco, i. 816. 
PiDcbbeck,U.274. 



plaster figures, to bronze, ii. 297. 
Plastering, ii. 168. 

Cornices, ii. 177. 

Fine stuff, ii. 178. 

Gauge stuff, ii. 173. 

Lathing, ii. 178. 

Lathingj floating, and set, ii. 174. 

Lathing, laying, and set, ii. 174. 

Laying, ii. 174. 

Lime and cement, ii. 169. 

Lime and hair, ii. 172. 

Parker's cement, ii. 180. 

Plaster of Paris, ii. 171. 

Pricking up, ii. 174. 

Rendering and set, ii. 175. 

Rough casting, ii. 176. 

Sca^iola, ii. 181. 

Stucco, ii. 176. 
Plate, to iron, ii. 292. 
Plated metals, to assay, ii. 830. 
Platina, mock, ii. 279. 
Platinum, useful alloy of gold with, ii. 

279. 
Plumbm'g, u. 190. 

Lead, ii. 191. 

Sheet, ii. 192. 
Covering roofe with, ii. 196. 

Pipes, ii. 195. 

Mensuration of plumbers Vork, ii.l97. 

Pumps, ii. 197. 
Pneumatic or vacuum engine, I. 216. 
Poppy oil, to give a drying quality to, 

ii. 301. 
Porcelain and glass, to gild, ii. 286. 
Pottery, ii. 18. 

Bamboo coloured, ii. 46. 

Black Egyptian, ii. 45. 

Black printed, ii. 87. 

Blue printed, ii. 44. 

Ditto, ii. 31. 

Biscuit oven,ii. 80. 

Biscuit painting, if. 81. 

Cream coloured, ii. 42. 

Chma, Felspar, ii. 41. 

Iron-stone, ii. 41. 

Drab-coloured, ii. 46. 

Engine hithe, ii. 26. 

Felspar China, ii. 41. 

Fine red, ii. 44. 

Flint mill, ii. 20. 

Frit, ii. 84. 

Gilding, u. 87. 

Glazes, ii. 83. 

Ironstone China, ii. 41. 

Jasper, ii. 45. 

Lustre ware, ii. 38. 

Lustre Black, ii. 38. 

Porcelain, ii. 40. 

RedbyMeig,ii.39. 
Fine, ii. 44. 

Riley's black lustre, ii. 88. 

Slip kiln, ii. 21. 
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Pottery. 
Stone China, ii. 41. 
Throwing wheel, ii* 23. 
Turning Lathe, ii. 26. 
Press, i. 294. 
Press by Tyler, i. 835. 
Cider, i. 294. 
Double, by Peek, i. 235. 
Hydrostatic, by Bramah,i. 295. 
Paper-mill, i. 294. 

Printing, by Applegath ftnd Cowper, 
i.807. 

by Ruthven, i. 301. 
by De Haine, i. 801. 
by Stanhope, i. 297. 
byNeall, i.312. 
by Nicholson, i. 806. 
by Koenig, i. 306. 
Prince's metal, ii. 274. 
Printers' types, ii. 277. 
Stereotype plates and small types, ii. 
277. 
Printing press, vide Press. 
Pulley, the, i. 11. 

Quxxn's metal, ii. 275. 

Rack and Pinion, i. 27. 
- Rail Roads and locomotive engines, ii. 
205. 
by Palmer, ii. 206. 
Losh and Stephenson, ii. 206. 
Birkenshaw, ii. 212. 
Losh, ii. 218. 
Blenkinsop, ii. 216. 
Brunton, ii. 217. 
Sylvester's report on, ii. 218. 
SteveAson's and Wood's experi- 
ments, ii. 225. 
Robert's experiments, ii. 226. 
Stationary engines, ii. 282. 
Ramsden's dividing machine, i. 821. 
Receipts, useful, ii. 273. 
Red gold, to heighten the colour of, ii. 

290. 
Roller gin, i. 886. 
Rope manufacture, i. 424. 
Beetling the hemp, i. 427. 
Brealle's method of steeping ditto, i. 
426. 
, Dew Retting, i. 425. 
Duncan's rope making, i. 4^. 
Hemp- mill, i. 427. 
Rainbeard's method of steeping hemp, 

i.427. 
Swingling or scotching the hemp, i. 
428. 

Sandarac varnMh> ii. 809. 
Saw-gin, i. 886. 
Saw-mills, ii. 8. 
by Smart, ii. 7. 



Scapement, ii. 77. 
Recoiling, ii. 78. 
by Cumming, ii. 79. 
for watch, ii. 80. 
by Reid, ii. 62. 
Ditto, ii. 83. 
by De la Fons, ii. 85. 
Sheet lead, Chinese, ii. 293. 
Silk manufacture, i. 400. 
Doubling machine, i. 407. 
Silk reel, i. 401. 
Throwsting-mill, i. 404. 
Winding machine, i. 408. 
SHk, satin, &c. to gild by hydrogen gas, 

ii.288; 
Silver, to assay, ii. 829. 
Double assay of, ii. 829. 
Parting by aqua fortis, ii. 881. 
by cementation, ii. 333. 
in the dry way, ii. 833. 
ImitaUon of, ii. 280. 
To separate from plated copper, ii. 

291. 
Copper ingots, ii. 291. 
in the cold way, ii. 291. 
Silvering glass globes, liquid foil for, U. 

294. 
Silver-tree, to prepare the, ii. 292. 
Simple combinations qf the mechanical 

powers, i. 16. 
Slating, Vide Builditig. 
Slide rest, i. 884. 
Solder, common, ii. 278. 
Soft, ii. 278. 
for steel joints, ii. 278. 
Brass solder for iron, ii. 279. 
Gold, ii. 279. 

Silver solder for jeweHers, ii. 279. 
Specula of telescopes, ii. 276. 
Spiral pump, i. 237. 
Spur geer, i. 23. 

Statues, composition of ancient, ii. 279. 
Steam engine, i. 164. 
byBeighton,i. 169. 
Homblower, i. 182. 
Newcomen, i. 168. 
Savary, i. 166. 
Watt, i. 170. 
Woolf, 1,191. 
Boiler, i. 181. 

Crank and fly-wheel, i. 170. 
Eccentric motion, i. 178. 
Four-way cock,i. 174. 
Parallel motion, i. 179. 
Pistons, i. 177. 
Plug-tree, i. 177. 
Steam gauge, i. 181. 
Sun and planet wheels, i. 169. 
Valves, concentric, i. 177. 
ditto, i. 176. 
by Murray, i. 175. 
Safety, i. 167. 
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Steam engine. Valves. 
System of, i. 175. 
by Woolf, i. 204. 
Bell-crank engine, i. 205. 
High-pressure engine, i, 207. 
Locomotive engine, i. 209. 

Ditto, i. 209. 
Rotatory engine, i. 206. 
Vibrating engine, i. 206. 
Lean's reports, i. 209^ 
WoplPs Tables, i. 193. 
General observations, i. 212. 
Steel manufactnre, i. 34)3. 

Converting furnace, i. 351. 
Steel, cast, ii. 336. 
to convert iron into, ii. 335. 
to colour it blue, ii. 337. 
to distinguish it, from iron, ii. 337. 
to gild, ii. 290. 
Edge tools of cast steel and iron, ii. 

337. 
Hardening of, ii. 335. 
Stereotype plates, ii. 277. 
Strength of materials, i. 218. 

Tachombtkb by Dookin, i. 39. 
Teeth of wheels, i. 23. 
Spur geer, i. 23. 

Wheel and Trundle, i. 24. 
To describe teeth for ditto by cir- 
cular arcs, i. 24. 
Wheel and pinion, i. 24. 
Leader and follower, i. 25. 
Follower with staff teeth, i. 25. 
Wheels which combine the advan- 
tages of both pinion and trundle, 

Internal pinion, i. 27. 
Rack and pinion, i. 27. 

Bevel geer, i. 28. 
Throwsting-mill, i.404. 
Tide-mills, i. 94. 
Tilt hammer, i. 344. 
Tinning, Kustitien's metal for, ii..276. 
Tin to, copper and brass, ii. 292. 

Iron and copper vessels, U. 292. 

Lead pipe, ii. 292. 
Hn-tree, to prepare the, ii. 292. 
Tombac, ii. 276. 

Red, ii. 276. 

White, ii. 276. 
Tortoise-shell, imitation for watch-ca- 
ses, ii. 304. 
Turner's varnish for box-wood, ii. 312. 
Tutania or Britannia metal, ii. 274. 

German, ii. 275. 

Spanish, ii. 275. 

Engestroom, ii. 275. 
Trevitheck's pressure engine, i. 246. 
Tympanum, i. 228. 
Tyler's press, i. 885. 



UiTDERSHOT- wheel, i. 65. 
by Lambert, i. 72. 
Smeaton's experiments on, i. 67. 
Rules for constructing, by Ferguson, 
i. 114.. 
Brewster, I. 117. 
Universal joint, i. 32. 

Double, i. 32. 
Useful Receipts, ii. 273. 

VARif isH, amber with essence of tur- 
pentine, ii. 307. 
Black, n. 298. 

For old straw or chip hats, ii. 315. 
Blue, ii. 298. 
Brick-red, ii. 298. 
Camphorated mastic for paintings, ii. 

309. 
Caoutchouc, ii. 299. 
Chamois colour, ii. 298. 
Coloured composition for rendering 

linen and cloth impenetrable, ii. 818. 
Coloured, (or violins, ii. 311. 
Common wax, or varnished cloth,il. 

318. 
Compound mastic, ii. 808. 
Copal, camphorated, ii. 305. 

Colourless, ii. 304. 

Ethereal, ii. 306. 

Fat amber, or, il. 808. 

Fat, ii. 803. 

Gold coloured, ii. 304. 

Turpentine, ii. 306. 

White, ii. 297. 
Fat amber, ii. 307. 
Fat, of a gold colour, ii. 312. 
Fat turpentine, or golden, ii. 312. 
Flaxen grey, ii. 298. 
Gallipot, ii. 813. 

Mastic, ii. 314. 
Green, ii. 298. 
Mordants, ii. 314. 

for gilding, ii. 314. 
Pearl grey, ii. 298. 
Purple, ii. 298. 
Red, ii. 298. 
Red Brick, ii. 298. 
Resinous drying oil, ii. 803. 
Sandarac, ii. 309. 

Compound, ii. 810. 

Spirituous, ii. 310. 
Turner's, for box-wood, ii. 812. 
Violet, ii. 298. 
Yellow, ii. 298. 
For balloons, ii. 816. 

Ditto, ii. 317. 

Coloured drawings, ii. 315. 

Drawings and cardwork, ii. 816. 

Dressing-boxes, ii. 313. 
Glass, ii. 816. 

Harps and Dulcimers, ii. 816. 
Indian shields, ii. 801. 
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Varnish. 

Pales and coarse Wood, ii. 315. 

SUk9, &c. ii. 800. 

Utnbrellas,ii. 300. 

Violins, ii. 298. 

Ditto, ii. 811. 

Watch-cases, ii. 304. 
To disaolve elastic gum, ii. 298. 
To ipvc a drying quality to fat oils, 
Li. 302. 

to poppy oil, ii. 301. 
To make painters* cream, ii. 309. 
To paint sail-cloth, so as to be pli- 

atit I durable, and impervious to wa- 
ter, ii. 317. 
To liiicken linen cloth for screens, ii. 

8ia. 

Which resists the action of boiling 

vvater, ii. 315. 
To make liquid paste with drying oil, 

ii,3l9. 
To prepare fine printed varnished 

cloth, ii. 319. 
To pre pare varnished silk, ii. 820. 
To poliibr, ii. 321. 
To recover, ii. 321. 
Vertical wind-mills, vide Wind-mills. 

Printing press, i. 312. 

Watch, 11. 62. 
TablB or trains, ii. 66. 
Escapement, ii. 77. 
Waich -cases, imitation of toutoise shell, 

n. 304, 
Water-wheel, breast, i. 87. 

Jn whtch the water runs over the 

shuttle, i. 89. 
with two shuttles, i. 90. 
by Lbyd and Ostel, i. 89. 
Overshot, i. 75. 

with 40 buckets, i. 75. 
Soicaton's experiments on, i. 79. 
by Burns, i. 84. 
Chain of buckets, i. 86. 
Ch^in pump reversed, i.86. 
Method of laying on water by Nou- 

ailLG,i.lll. 
as practised in Yorkshire, i. 112. 
Underahot,i. 65. 
Smeaton's experiments on, i. 67. 
by Lflpabert, i. 72. 
Method of constructing by Fergu- 
son, i. 114. - 
Brewster, i. 117. 



Water-wheel. 
Barker's mill, i. 92. . 
Mill-courses, i. 105. 
Penstock by Quayle, 109. 
Pentrough by Smeaton, i. 110. 
Sluice governor, i. 113. 
Tide-mllls, i. 94. 
Water-courses and dams, i. 107. 
Wheel- race and water-course, i. 104. 
Treatises on mill- work, i. 120* 
Water-spinning, i. 386. 
Reel, i. 387. 
Spinning frame, i. 387. 
Throstle, i. 387. 
Weaving, i. 418. 
Common fabric, i. 419. 
Common loom, i. 420. 
Dimity^.or kerseymere, i. 420. 
Double ctoth> i. 420. 
Power looms, i, 422. 
' Tweeled pattern, i. 421. 
Wedge, i. 423. 

Combinations of the, 1. 428. 
Wheels, wheel and thmdle, I. 24. 
Wheel and pinion, \, 24. 
Leader and follower^ i. 25« 
which combine the advantages of the 
pinion and trundle, i. 2ff. 
Wheel and axle, i. 10. 

combinations of the, i. 16. 
White metal, ii. 276. 
Wind-mill, vertical, Post-mill, i. 122. 
Smock-mill, i. 123. 
Smeaton*s experiments on, i. 125. 
Sails, rules -for modelling,!. 123. 
by Hall Gower, i. 129. 
by Baines, i. 132. 
Clothing and unclothing while in 
motion, i. 130. 
Equalizing the motion of, i. 138. 
Mill with 8 quadrangular sails, i. 136. 
Horizontal, i. 139. 
Wire-manufacture, i. 352. 
Draw- bench, i. 353. 
Draw-plates, i. 356. 
Ditto, a. 362. 
Hand machine, i. 354. 

for musical instruments, i. 355. 
MoucheP« manufactory, i. 357. 
Wollaston's experiments, i. 364. 
Writini^, drawings, &c. to gild, ii. 287. 

Yejllow gold, to heighten the colour 
of,ii.290. 



THE END. 
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